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By Jules J. Lambiotte, Jr,, John W. Wilson, 
and Tassos A. Filippas 

Langley Research Center 

Y 

A set of computer programs, referred to as the PROBER 3 6  Transport Code, is 
being used at the Langley Research Center to calculate and analyze the interaction a€ 
nucleons and pions within a prescribed medium, The programs simulate the transport 
of nucleons and pions (with energies up to 2000 MeV) within a slab. The necessary 
nuclear interaction cross sections are read from a master data tape which contains 
cross-section data for various elements. The nuclear interaction data above 400 MeV 
are incomplete at this time but will be updated as data become available. A particle 
biography tape is generated and used to compile distributions for particles involved in the 
transport. 

escriptions of the programs, detailed user's guides, and sample input and output 
for programs in the code are presented. 

3C is a nucleon-pion transport code which was developed at the Langley 
esearch Center for use in radiation shielding studies. The bulk of this code is the 

PER 3B was developed to simulate the 3B code given in reference 
transport of nucleons with energies below 400 Me 3C consists of modified 
versions of the pr m to extend the transport 
capability to 2OOQ 3B statistical 
program. v 

The purpose of this paper is to describe the capabilities of the code and to present 
a detailed user's guide. The theoretical considerations in the model are presented only 
generally since quite detailed explanations of the transport theory for the nucleons a re  
available in the 
lar, are described in the section entitled 'vP 

3B, an additional 
(2 GeV), and a replacement for 

OPER 3B description (ref. I). The pion calculations, which are  simi- 
ESCRIP TION. " 

The computer programs in the PROPER 3C code use Monte Carlo techniques for the 
transport of neutrons, protons, and/or pions from energies as high as 2 GeV down to neu- 
tron thermal energy, Although the transport niediuni is restricted to having either a 



circular or  square cross section, it may consist of a mixture of many elements. There 
are provisions to allow a source spectrum with any composition of the aforementioned 
particles, incident at any energy below 2 GeV and at any angle, A continuous slowing 
down model is used to slow the charged particles. Nuclear interactions also are allowed 
(presently only for nucleons since pion data are not available), A complete history of 
each source particle and i t s  derivative particles is developed and recorded on a biography 
tape, This history includes the particle location within the medium, its direction of 
travel, energy, parent particle, and chronological generation. The information contained 
on this tape is used by a distributional analysis program to compute the distribution for 
each type of particle at any desired depth as a function of particle position o r  momentum. 

transport programs (TWOGEV, P 
The organization of P 3C is shown in figure 1. P 3C contains three 

) j  a master data tape which contains nuclear data for the transport, and two 
and SUPER B), a distributional analysis pro- 

POL2) which rearrange the data from the master tape into a 
form usable by the transport programs. 

SYMBOLS 

d distance to nuclear interaction 

Eth neutron thermal energy 

f(x) probability density function for variable x 

interval index for the jth variable in frequency distribution function (this func- 
tion i s  defined in description for program STAT) 

'j 

j & dummy variables 

L total number of computer locations reserved to store frequency distribution 
function 

e number of computer locations needed to store frequency distribu 
for all particles at any one depth 

N(In71290 .) J j )  frequency distribution function for j variables 

NB number of bits allotted to each storage bin for computing frequency distribu- 
tion function 
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NBHN number of bins to be packed into each computer word in calculating frequency 
distribution function 

EP total number of depths for which frequency distribution -function may be cal- 
culated in  ne pass through biography tape(s) 

number of computer locations needed to store frequency distribution function 
for any one type of particle at any one depth 

N P  number of different types of particles for which frequency distribution iknc- 
tion is to be calculated 

n integer used to define multiplication in "splitting" o r  ssian roulettefp 
techniques 

number of intervals into which the range of the variable j has been divided 

polar coordinates of projection of particle's position onto X-Y plane (see 
fig. 2) 

jth variable in frequency distribution function j 

interval length of variable j 

X , Y 3  Cartesian coordinate system for slab as defined in figure 2 

pY',Z coordinate frame translated from ystem such that particle is 
always positioned at the origin (se 

x generic variable denoting a member of a class of randomly distributed 
variables 

x i  ith member of a set of equiprobable values of x 

67 @ momentum angles defining direction of travel for a particle (see fig. 2) 

7rf9~Og7r-  pion triplet where +, 0, and - refer to charge state 
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The following units are assumed throughout the paper unless otherwise noted: 

length Cm 

energy MeV 

angle radians 

The problem to be solved is as follows: Given a source distribution of nucleons 
and pfons (that is, their population, energy, and direction of motion) incident upon the 
face of a slab of material, determine the distribution of the particles within the slab. 

The problem is solved by using 
transported separately through the sp 

nte Carlo method. ach incident particle is 

A continuous slowing down model, like the one described in reference I ,  is used to 
slow the protons. In this model, the proton is slowed in discrete energy steps, The dis- 
tances the particle travels between these energy levels are obtained from a normal dis- 
tribution which describes the straggling. The mean and standard deviation of the normal 
distribution are computed from the theory of energy loss of a charged particle in matter. 
For charged pions, a continuous slowing down model also is used, but straggling is not 
computed, 

The path to nuclear interaction d is chosen from a set of random numbers 
tributed according to the exponential distribution function 

where (Y is the collision mean free path. (See ref, 3, ch, 6.) When a nuclear collision 
occurs, the distribution of secondary particles is obtained from tabular data which have 
been entered into core storage from a master data tape. 
characteristics for each type of particle in the given slab material; that is, at various 
qnergy levels for an incident particle, the data include the mean free paths, the average 
number of particles produced from a collision during the cascade process and their 
energy and direction, and the average number of evaporation particles produced and their 
energy. The pions a re  not allowed to have nuclear interactions since data are not yet 

hese data define the transport 

%he random number generator used is the FUNCTION subprogram R A W  supplied 
as software for the CDC series 6000 computer systems by Control Data Corporation. 
The characteristics of W N F  are analyzed in reference 2, 
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available to define the secondary products. These data will be incorporated as soon as 
possible. For low-energy neutrons (below I18 MeV), data are  entered into core which 
define the probabilities of absorption, neutron-neutron reactions, neutron-two-neutron 
reactions, fission, and elastic scattering, The data also define the angular distribution 
and energy after the reaction, The transport of the source particle is terminated if it 
leaves the slab, is absorbed, or  suffers a collision. M3. particles resulting from the 
interaction are  treated as secondaries and transported before the process is repeated 
for the next source particle. 

After the transport is completed, a final program, STAT, may be used to calculate 
desired distribution functions within the slab. 

The nuclear interaction data mentioned previously are stored in arrays at equiprob- 
able values of the independent variable (ref. 4)- That is, i f  f(x) is the probability den- 
sity function for x, the K + bounds for the equiprobable intervals of x are the 
set  xj (j = 1 9 2 9 0 e . 9  I) where each X i  and xiCi satisfy the equation 

1 
K 

f(x) dx = -  

With this approach, a uniform random number is used to generate the interval from which 
x is obtained. 

te often when using the Monte Carlo method, one encounters difficulties because 
few particles survive at a certain depth to accurately describe the distribution 

there or  because in  certain regions many more particles survive than a re  needed for an 
accurate description. These two problems can be approached by using "importance 
sampling" techniques "splitting" and "Russian roulette, respectively (ref. 3) Splitting 
means that in certain regions where insufficient populations of particles a re  present, one 
arbitrarily creates n particles for each initial particle present and assigns to each 
particle a weight of l/n. The splitting technique should be employed only when the com- 
puter resources prohibi; the use of more source particles and not even then if  the colli- 
sion frequency distribution is not well defined, Russian roulette is the inverse of splitting 
and involves the transport of only one particle out of every n particles with a weight of 
n assigned to it. 

hese two techniques are programed into the code. The user specifies the splitting 
and Russian roulette ratios. When a count of all the particles is made by program STAT, 
the weight assigned to each particle is used to determine whether the particles count as 
less than, equal to, o r  greater than a full unit. 

5 



PROPER 3C DESCRIPTION 

Due to considerations of computer storage and execution time, the transport is 
conducted in three stages by the following three programs: 

(1) TWOGEV (Langley program R2092): TWOGEV transports neutrons, protons, 
and pions with energies up to 2 GeV, slows the protons to 400 MeV, slows the charged 
pions to any preselected cut-off, and considers nuclear interactions by the protons and 
neutrons. The pion nuclear interactions wi l l  be included when the data become available. 
Any nucleons created with energy below 400 MeV are stored on the output biography tape 
and treated, along with the protons which have been slowed to 400 Me , by the next link 
in the Code, PROTOS. 

(2) PROTOS (Langley program 2091): PROTOS treats protons below 400 MeV and 
neutrons in the 18 to 400 MeV range. These particles may be introduced as input data 
through a sou 
tion of a TWO V run. The protons are slowed to a preselected energy and nuclear 
interactions are allowed. Any neutron created below 18 Me is placed on the output 
biography tape and transported in the third link, SUPER B. 

spectrum or they may be obtained from a biography tape as a continua- 

(3) SUPER B (Langley program 2093): SUPER B transports only neutrons whose 
energy is less than 18 MeV. The neutrons are transported until they exit the slab, are 
absorbed, or  lose energy down to a preselected cut-off. 

These three programs require nuclear data which include the kinds and probabili- 
ties of nuclear interactions and the number, energy, and directional distributions of 
derivative particles. This information is available for a limited number of elements 
(table I) on the master data tape. TW 
INTPOLI and INTPOL2, respectively, to prepare the data in final form. 

S require auxiliary programs, 

(4) INTIPOL1 (Langley program R2OSO): INTP L4 interpolates linearly in atomic 
weight between elements on the master data tape in the 2 GeV range and mixes the ele- 
ments to produce the desired shield, The data are output on a '' nte Carlo" tape for 

(5) INTIPOL2 (Langley program R2089): INTPOLB performs the same function as 
os* INTPOLI for data in the 400 MeV range. It generates a tape which is used in 

The particle distributions are compiled in the final link in the code, STAT, 

(6) STAT (Langley program R2094): after the transport. is completed, STAT uses 
the particle-histories output on the biography tape to compute the particle distribution at 
points within the slab. 
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These six programs are described herein in the following order: First, the pro- 
gram INTPBLI and INTPOL2, which supply the Monte CarPo tapes to the transport pso- 
grams; then, the three transport programs TWWEV, P 
finally, the program STAT. The flow chart of PROPER 3C is given in figure I. 

and SUPER B; and, 

TION OF MONTE e 

Each of the three transport programs requires a nuclear data tape (Monte Carlo 
tape) as input to the program, The data to be used are on the master data tape whach 
consists of three files containing the nuclear data for the elements specified in table E. 
The three files contain data in the energy range used by 

B, respectively, For SUPER B, the data for a particular shield may be copied 
directly from the master tape if  the data are present. (See table I.) However, T 
and require the auxiliary programs IhWPOL1 and L2, respectively, to 
organize the data into usable forms. Abstracts and flow charts for these programs are 
provided in appendix A and appendix , respectively. The data for GEV are taken 
from Bertini's preliminary calculations (ref. 5) which assumed that pion production was 
through the (3,3)-resonance and that pion decay was 25 percent forward, 25 percent back- 
ward, and 50 percent isotropic in the resonance rest frame. With the exception of the 
pion production, the model is the same as that described in reference 6* Comparison of 
BertiniPs calculations with experimental data are given in reference 7. 
describes the nuclear i tion model that generates the data used by 
for energies below 400 and gives experimental comparisons, Th 
tron data for SUPER E3 has been taken from the United Kingdom Neutro 
(ref. I). 

?PRO'%OS,and . 

Preparation of Data Tape for TWOGEV by IMTPOL1 (R2090) 

Main program.- The main program is labeled IMTPOLI and defines the following 
tape (disk) storage units: 

TAPE9 - A disk storage unit onto which the user copies the appropriate file from the' 
master data tape, It is later used for intermediate storage, 

TAPE7 - A disk storage unit used for intermediate storage, 

TAPE10 - A disk storage unit used for intermediate storage, 

TAPE8 - A disk storage unit which will contain the final data for all the shields at the 
completion of the run. 

TAPE5 and TAPE6 are the card input and printed output devices, respectively, 



f ~ g p ~ ~ f  reads the nuclear data from the master data tape. It reads card input to 
describe the elements for which data are needed (see "Card input"). If data for the ele- 
ment specified a re  already available from the master data tape, IMTPOLI merely copies 
the data to a disk file (TAPEPO). If the element data are not available, the program inter- 
polates linearly in atomic weight between the next lighter and heavier elements and puts 
these data on the disk (extrapolation is not permitted). As many elements as are needed 
to produce the desired shield o r  shields may be obtained in this fashion, Mote from 
table 1 that only data for oxygen and aluminum are now available in this energy range so 
that the interpolation feature is of limited usefulness at this time. 
added to the table as soon as data are  available. 

re elements will be 

Two additional tapes should be described at this point. PE9 is a disk file which 
portion of table 

he format of the 
contains the nuclear data for the elements noted in the TWOG 
TAPE10 (disk) contains the interpolated data as an intermediate tape. 
two tapes which is identical is as follows: 

Record 1 

TAPE9 TAPE 10 

TAPE9 

Record 2 

ATOM 

ELEMNT 

BTAB 

ATAB 

MSPK 

MSPE 

DSPK 

SIGMA 

8 

APE IO 

The atomic number of the element 

AA 
ELMEMT 

BTABW 

ATABNY 

NSPKKY 

NSPEW 

DSPrnNY 

SIGMNY 

The atomic weight 

Name of element requested 

Array containing the equiprobable energies of the 
evaporation particles in MeV 

Array containing the equiprobable eosines for the 
scattering angle 

An array containing the mean number of secondary 
cascade particles per reaction 

An array containing the mean number of secondary 
evaporation particles per. reaction 

An array containing the standard deviation from the 
mean of secondary cascade particles per reaction 

An array containing the total cross sections in barns 



TAPE9 

Each record is an array containing equiprobable 
energies of a particular secondary cascade particle 
for each equiprobable cosine of the scattering angle, 
These data have been normalized by the incident 
energy value at which they were tabulated (see 
explanation of JE  which follows) 

TAPE IO 

The arrays have the following effective dimensions: 

4 2 1 5  2 
BTAB (JE, I, 

4 1 1 5  5 
ATAB (JE, L, 

4 5 5  

4 5 2  
NSBE (JE, IN, UT) 

4 5 5  
(JE? IN, UT) 

4 5  

4 11 4 1  5 

where 

E number of energy points for incident particle (the tables have been prepared 
at four energy values: 400 MeV, 950 MeV, I000 MeV, and 2000 MeV) 

number of values per IM-UT combination and energy group 

number of cosine values per IN- T combination and energy group L 

IN type of incoming particle 

UT type of secondary particle 

The values of IN, UT are  

1 for proton 
2 for neutron 

9 



3 for a+ 
4 for a0 

5 for a- 

ELMENT 

E31kABBI-Y 

A7i'PaBN-Y 

It should be noted that the five records for FACT' are data for UT = 1, 2,  3,  4, 5 in that 
order, These arrays are described in more detail in the BINOUT1 writeup, 

HI6TPOLP then calls subroutine REDIG1 which combines the elements into the 
desired shield. Upon return from RE 
to the large storage which would be required by a FACT array effectively dimensioned as 
FACT (4, 11, 41, 5,  5), the data must be packed, The data are packed six values to a 
word into a new integer array NFC which has been normalized so that the maximum value 
of the FACT array is stored in NFC with a value of 2Io 
transport program unpacks the data when needed. 

The final data tape then has this form: 

6 1  one more revision is made to the data. Due 

1 = 1023, The TWOGEV 

NSPEW 

DSIPrnNY 

EAMBLA 

Record 1 

D E N T  See "Card input" (p. 83) 

e 

MFC 

As i n  the description in REDBGl 

The multiplicative factor used to normalize the FACT array to 
1023 at its maximum 

The FACT array packed six values to a word; NFC is dimensioned 
as NFC (4511) 

These three records are repeated for each shield. The data are stored on disk (TAPE%) 
as one file and should be copied to the userPs tape at the conclusion of the run by COPYBF 
control card. 



Subroutines. - HWPOL1 contains two major programs for combining data into proper 
combinations and format and %or providing printed output. 

GI: This subroutine uses the transport data from one or more of the elements 
on the intermediate disk (TAPEPO) to produce data for one or more shields which may 
have any specified composition (of up to five elements) or density. 
the composition of the shield(s) are read in. The transport data for each shield are gen- 
erated by using the data on TAPE10 and are stacked one behind the other on the disk file 
designated as T he data for each shield are in the exact format as the input tape 

1 except that in the second record for each shield, the SIG W array has been 

ata cards defining 

probabilities for hydrogen interaction 

These two arrays are dimensioned as 

4 5  

4 5  

IN have the same meanings as before. 

return is made to 

ata for hydrogen interactions are 
not yet included so that the user must not request data for compounds which contain 

L% where the data are packed and recorded on 
APE8 as previously described: 

TI: This subroutine, when requested, prints the contents of the tapes 
described previously. Three calls 
The first is to list the tape input to 

IGf, and the third is to an entr TI which lists only the FACT 
array after it has been packed into and then unpacked from array N C. This final print- 
out shows the effect of packing on the original FACT array data, Any of these listings 
can be suppressed by setting the appropriate sense switch I, 2, or 3 by using the SWI 
n control card. The output is as follows: 

omatically made by IPaTPOLl to list the tapes. 
the second is to list the tape output from 

. 

This array defines the 20 equiprobable2 energy intervals for evaporation parti- 
r every energy level there are two groups each having five columns and 2 1  rows. 

The five columns are for the five values of IN  and the 21  rows are for the 2Q equiprobable 
intervals. 

%?he equiprobable values contained in BTAB, ATAB, and FACT have been com- 
puted by using the integral method mentioned in the PROBLEM DESC 



A'TAB - For each energy level there are If groups describing the 10 equiprobable eosine 
intervals for the cascade particles. Within each group there are  five columns for the 
five types of particles in  and five rows for the same five types out, 

NSPK - Within each energy level there a re  five columns for the five types of particles 
in and five rows for the same five types out, 

DSBR - This array has the same format as NSPK. 

NSPE - This array has the same format as NS 
corres,yonding to protons and neutrons out. 

SIGMA - There are four rows corresponding to the four energy levels and five columns 
for thk five types of particles, 

FACT - This array defines for the cascade particles 40 equi 
determined at each of the 10 equiprobable cosine intervals ( 
are normalized to the incident energy levels. In this printed output there are five groups 
corresponding to the five types of secondary particles. 
energy levels. Within each energy level there re five columns (corresponding to the 
€ive types of incoming particles) and 44 rows ( 
values of equiprobzble final energy 9). Due to the size of the 
four values of 1 are printed for each of the 11 values of %, The first four lines are for 
L = I,  the next four for L = 2, etc. 

For the printout of the R 
bilities for hydrogen reaction) a re  on the tape instead of S 
a re  printed under the same format as SHG 

except that there are only two rows 

bable energy intervals 
). The energy values 

ach group is divided into J 

values of equiprobable cosine L by four 
ACT array, only the first 

G I  output tape, MBLA (mean free paths), and B 
(cross sections). They 

Tape input.- The first file from the master data tape should be copied to 3' 
The master data tape should be unloaded. before execution of the program. This can be 
done with the DROPFIL control card (see Sample Problem Control Cards for 

Card input.- All input variables in this section and in the other input descriptions 
that follow are typed floating point or integer by the usual , J, K7 k, M, pa F N 
integer convention unless indicated otherwise. 



2ard 
set 

a 

B 

- 

C 

Tumber 
)f cards 

1 

FORTRAN 
name 

NUMBER 

NSHILD 

zo 

A0 

z1 

A1 

ZNEW 

AA 

ELEMENT 

zo 
NA 

z1 
NB 

22 

NC 

23 

ND 

24 

NE 

NH 

DENSIT 

NFt 

DENT 

ELEMENT 

:olumns 

1 to 5 

6 to 10 

1 to 4 

5 to 14 

15 to 18 

19 to 28 

29 to 32 

33 to 42 

43 to 46 

1 to 4 

5 to 14 

15 to 18 

19 to 28 

29 to 32 

33 to 42 

43 to 46 

47 to 56 

57 to 60 

61 to 70 

1 to 10 

11 to 20 

21 to 25 

26 to 29 

30 to 33 

Pormat 

I5 

I5 

A4 

F1O.O 

A4 

F1O.O 

A4 

F1O.O 

A4 

A4 

F1O.O 

A4 

F1O.O 

A4 

F1O.O 

A4 

F1O.O 

A4 

F10.0 

F1O.O 

F1O.O 

I5 

A4 

A4 

Description 

Number of elements for which data are  requested 

Number of shields to be produced from the elements in the previous item 

Atomic number of the element in table I just lighter than the desired element 
(right adjusted within field) 

Atomic weight of the element in the previous item 

Atomic number of the element in table I just heavier than the desired elemen 
(right adjusted within field) 

Atomic weight of the element in the previous item 

Atomic number of the new element ZO S ZNEW 5 Z 1 * 
Atomic weight of the new element A0 d AA < A1 * 
Alphanumeric name of the new element 

Atomic number of element 1 in shield 

Number of nuclei per unit volume of element 1 multiplied by 1024. 

Corresponding data for element 2 (or blank) 

Corresponding data for element 3 (or blank) 

Corresponding data for element 4 (or blank) 

Corresponding data for element 5 (or blank) 

Continuation of data for this shield on next card 

Number of hydrogen nuclei per unit volume multiplied by 1024 (NH must be 
set to 0.0 for INTPOL1 usage) 

Density of medium, cm3 (for identification only) 

Number of elements in the compound or mixture excluding hydrogen (e.g., foi 
NaOH, NR=2) 

Identification number of the new material 

Name or formula of the new material 

*If the new element ZNEW is in table I, the data should be merely copied to disk by setting ZO = Z 1  = ZNEW 
and AA=AO&Al. 



Tape output,- After execution, the final Monte Carlo data are contained in a file on 
intermediate disk (TAPE8). A blank tape should be mounted and the contents of TAPE8 
should be copied onto it with a COPYBF control card, 

Printed output.- As the data for each element are read from TAPE9 in IN"IEPOL1, 
the atomic number of the element is printed followed by the atomic number of the element 
requested (ZNE has completed its function, it p 
For the printed output of the contents of the tape, see subroutine B 

Preparation of 

ue to similarities be POL2, only the differences between 
the two are noted in this section. The details can be found in the section describing 

Main program.- The main program is labeled POL2 and defines the same tape 
and disk units as I POLL As seen in table I, the data for 
energy range) is much more extensive so that the interpolation feature has more meaning. 
The formats of TA 9 and TAPE10 which differ somewhat from those for IN 
as follows: 

S (25 to 400 

Record 1 

ecord 2 

PE9 I TAPE10 

BTAB 

NSPK 

14 



The effective dimensions of the arrays are 

9 2 1 2  2 
BTAB (JE, 1, IN, UT) 

9 1 1 2  2 
ATAB (JE, L9 IN, UT) 

9 I1 41 2 2 
FACT (;BE, %, 1, IN, UT) 

(JE, IN, UT) 
9 2 2  

9 2 2  

9 2  
SIGMA (JE, 

where JE, I, 9; 

reduced in number because no pion data are used in 
are for 25, 50, 100, 150, 200, 250, 300, 350, ancl 400 

and UT have the same meanings a re. The IN-UT indices are 
S. The nine energy levels 

EDIG2 is called to combine the data for the shields, Upon the return to I 
FACT is packed as before into an N C array but only four values to a word. NFC is 
dimensioned as NFC (4059). The final output tape (on TA E8, a disk file as before) is 
the same as the output tape Prom I except that NFC is now a smaller array due to 
the fewer particle types to be considered. (Pions are not treated in * )  

Again, three similar calls are  made to BINOUT2 to provide printed output. 

Subroutines, - IMT OL2 contains two major programs for combining data into proper 
combinations and format and for providing printed output. 

IG2: The function of 2 is identical to that of IGI, The output tape 
has the same format as the input tape except that SIG NY has been replaced by 
LAMBLA (9, 2) and PH (9, 2) as before. 

Cross sections for hydrogen interactions are contained in  a data statement so as to 
include shields containing hydrogen. 

BINOUT2 Although similar in function to BINOUT 1 the output from 
simplified because there are only four IN-UT combinations ancl these may be put into four 
labeled columns 

ATAB - Within each energy level there a re  PI rows defining the 10 equiprobable cosine 
intervals. 



itlzin each energy level there are 21 rows defining the 20 equiprobable energy 
levels. 

FACT - Within each energy level there are 44 rows whose meaning is described under 
BINOUT I. 

NSPK - There are nine rows corresponding to the nine energy levels. 

This array has the same format'as NSPR. 

There are two columns for neutron and proton cross sections and nine rows for 
the nine energy lexels. 

LAMBLA - This array has the same format as SIGMA. 

- This array has the same format as S 

Tape inputat,- The second file from the master data type should be copied to T 
Card input.- lt is the same as the input of HLNT %I except that N may be nonzero 

since interactions with hydrogen are possible, 

Tape output.- It is Identical to the output of INTBOLI. 

Printed output.- It is identical to the output of INTI? 

The nuclear data for SUPE B need only to be transferred from the third file of the 
master data tape to TAPE9 by means of control cards. This file contains the low-en 
neutron data for the elements listed in table I, There a re  two records per element. 

control card is used to put the two records for the desired element onto the 
disk TAPES. The user is restricted to these elements because there is no interpolation 
capability. 

The transport is carried out through three programs: TW 
su 

~~~~E~ (R2092) 

ain program.- The main program is labeled TWBGEV and defines the following 
tape (or disk) storage units: 

TAPE4 - The biography tape. 

TAPE8 - The source tape (or disk). It is either input to the program or  generated 
within it, 



TAPE9 - The Monte Carlo data tape, 

TAPE5 and TAPE6 are the card input and printed output devices, respectively. 

The purpose of TWOGEV is to call various subroutines and to terminate the output 
biography tape at the conclusion of the run. 

Subroutines .- The main program, TWOGEV, performs mainly the managerial task 
of calling subroutines which read input, prepare data, perform the calculations, and ter- 
minate the output. 

PDATA: This subroutine reads from cards the stopping power data used in the 
program to simulate the slowing down of the protons and computes the tables necessary 
to define this process. (See ref, I . )  Data from the nuclear data tapes are read into core 
also. 

ATA: As an entry point under ATA, it is similar in function to 
except that the input pertains to the pions. Although the charged pion rapidly decays into 
a muon, no distinction is made between the two in the slowing down process since the 
stopping power data for the two is very similar (the difference being about 5 percent). 

ATA: This subroutine reads from cards data defining the geometry of the 
transport medium. No calculations occur in this subroutine. 

0: The transport is executed in this subroutine. A particle is taken from the 
source tape that was generated in the source subroutine. The type of particle determines 
the action to be taken. A proton may either have a nuclear interaction o r  merely be 
slowed in energy. A neutron has only nuclear interactions. The charged pions lose 
energy through continuous slowing down. They are presently not allowed to have nuclear 
interactions because of the lack of data, Each charged pion decays weakly in 10-8 sec- 
ond (half-lifetime) into a muon and neutrino (approximately 99 percent of the time), The 
neutrino is ignored and the muon is slowed down. The neutral pion TO decays electro- 
magnetically in 10-16 second into two gamma rays, 
?IO'S are only counted and recorded on the biography tape. If the particle is to be slowed, 
the distance it will travel before losing energy to the next energy level is first taken from 
the slowing down tables and then the particle is transported that distance and its energy 
is reduced to the next level. The particle is slowed continually until it either has a 
nuclear interaction or until it reaches a preselected cut-off energy. 
is to have a nuclear interaction, its free path to interaction is chosen from a set of ran- 
dom numbers distributed according to the exponential collision frequency distribution, 
and the particle is moved to its interaction site, A call is made to subsoutine GENU 
which uses the nuclear data to determine the kinds and number of secondary particles 
and places tMs information in a buffer. GEO then takes another particle either from this 
buffer or9 when it is empty, from the source tape, 

ecause of this short lifetime, the 

or a particle which 
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For a proton which may either interact or  slow down, its free path and slowing 
down distance are compared, with the lesser distance determining the action taken. This 
test is made at each energy level in the slowing down tables. 

GENU: When a particle suffers a collision, subroutine GENU uses tha necessary 
nuclear data to determine the number and kinds of secondary cascade and evaporation 
particles, their energies, and their directions. 

: This subroutine is called from GENU to facilitate the conservation of 
energy in the nuclear collisions (actually only the fourth component of the four-momentum 
is conserved). A temporary storage is set up to hold data for all the secondary particles 
resulting from one nuclear interaction. TEMP has an entry point T 

: After all secondary particles have been accounted for, the sum of their 
energies is compared with the energy of the or ienal  particle minus the binding energy 
loss. If the comparison is not sufficiently close, a return is made to GENU and the pro- 
cess is repeated. When a good comparison is found, the pertinent data for the secondary 
particles are stored in  a buffer in the BUF 

his subroutine contains a storage buffer where data pertaining to the 
secondary particles can be stored and retrieved. 

he data are stored by a call from MP to an entry point BBT 
stored for each secondary particle consists of the particle type, position, direction of 
movement, energy, energy index within the slowing down tables, relative weight, parent 
particle, and generation. 
A maximum of 00 particles may be stored at any one time. Any attempt to overstore 
results in a program exit. 

he buffer is initially set through a call to EMT 

The data are retrieved from the bu er by a call to BUF T from GEO. The last 
particle put in the buffer is retrieved first. Should the buffer be empty, a flag is set to 
iniorm GI30 to take the next source particle instead. 

CE: This subroutine defines the source spectrum. incident on the face of the 
ough any source spectrum made up of the types of particles considered in 

the transport may be included by the user, certain standard spectra are already pro- 
gramed into the subroutine and may be requested. These include neutron and/or proton 
source spectra that are normally o r  isotropically incident, are either spread uniformly 
over the surface or all incident at the origin:, and have energies uniformly distri 
over a specified internal, 

The source spectrum is written on logical unit 8 (TAPE$) by the following ea11 to 
subroutine PUT wMch is a tape input-output routine: 

CALL PUT (8, MS, X, Y, Z, SEAT, CTB, STH, CFI, BFE, N 



where 

MS index of the energy E in the slowing down table EK; that is, MS is smallest 
integer such that 9) 5 E (see description of EK that follows) 

particle position (see fig. 2) 

relative weighting of the particle normally set  to 1 for primaries 

cosine and sine of the angle 8 (see Bg* 2) 

CFI$FI cosine and sine of the angle $I (see fig, 2) 

NP particle type (1, 2, 3, 4, 5 for proton, neutron, af7 710, T - ~  respectively) 

E energy of the particle 

MSOU source particle identification number 

SLAT 

hen the user writes his own source program, he has the following variables 
available, most of which are read into the computer in  subroutines 

00,2) energy values for the slowing down tables; the second index is 1 €or proton 
data and 2 for pion data 

number of values in the proton and pion tables (a maximum of 100) 

MT number of source particles 

u 
u length of medium, 0 < Z < 

radius or half-side of the transport medium 

PG = 1 for square-cross-section transport medium 
= 0 for circular-cross-section transport medium 

highest point on energy scale and usually the source energy for a mono- EO 
energetic spectrum 

These variables are mentioned again under "Card input, 

ECIN and REQ: T library subrou- 

: This assembly language subroutine packs two computer words into one 
lo cation. 

: This assembly language subroutine unpacks one computer word into two 
locations. 

STATT: This subroutine is called to determine whether the particle is sl3l within 
the limits of the transport medium, It also stores the particle data on the biography tape, 
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A record is written on the biography tape (%ogicaJ unit 4, %APE$) by a call to sub- 
routine PUT: 

CALL PUT (4? %, P, z, SLP, SEZ, E m 9  IK1, NSOIJ, SLAT, IGEN) 

where 

x,y,z particle coordinates 

SLP,SLS angles 0 and @ 

particle energy 

integer defining the particle type and status, which may have the following 
values: 

0 
10000 

for protons 
for neutrons 
for .rr+ 
for n- 
for 7p 
to denote the end of a case - that is, to denote that all 

particles in the source spectrum have been 
transported 

= 1 for a moved particle which is still inside the 

= 2 for a moved particle which has passed outside the 

= 3 for a particle moved to a collision site 
= 4 for a new particle 

boundary 

boundary 

parent particle identification number 

relative weighting of the particle 

chronological generation of the particle 

SLAT 

IGEN 

Three things are 
a ~ ~ ~ ~ ~ S S  subroutine 
only five words per record. Second, 
Third, the program is allowed to write to the end of the tape and, thus, there is no wasted 
space. A DAYFILE message will note the E 
loaded will also be entered. No data are lost with this procedure. STAT1 has several 
entry points. 

ne to reduce the number of biography tapes. Firstg PUT calls 
which packs two values into one word so that there are 

are  used to block the output, 

(end of tape) condition and the next tape 
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OUT: As an entry point under STATI, it is called to output particle data on the biog- 
raphy tape, 

OUTL: As an entry point under STATE, it i s  called when the run terminates to write 
the final record on the biography tape. 

NIL: This subroutine computes the elements necessary to transform from a 
system that moves with the particle to the stationary X,Y,Z system as described in 
reference I, 

Tape input,- TWBGEV expects the Monte Carlo tape generated from INTPOLf to 
be mounted defined as TAPE9. A blank tape should be mounted defined as TAPE4 to be 
the output biography tape. 

Card input.- The main program and several subroutines require card inputs. 

The main program TW GEV controls the flow of the program by means of an input 
variable I which indicates th subroutine to call. The variable I is read with an 15 
FORMAT and may have the following values: 

I = f  ATA, returns; then calls P ATA and returns. 

= 2  ATA and returns. 

I = 3  calls GEO (which calls S CE) and returns after transport completed. 

= 6  80 characters from the immediately following this one. 
when that subroutine is called. s heading is output from 

I = 7, 8, 9, or  10 terminates the sun; an end of file is written on the biography tape and a 
program exit is made, 

The subroutine ATA contains a NAMELIST, AT, which includes the following 
variables: 

EO largest energy to be included in the proton slowing down tables (should be 
equal to or greater than the energies of the source particles) 

zs cut-off energy for protons 

N 

EN 

DES 

M 

number of points in the stopping power tables 

N energy values where stopping power tables are generated, ENi < ENi+a 

corresponding M values of stopping power, - 

number of energy points desired in proton slowing down tables 
g/cmz 
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indicator for the kind of energy scale in the slowing down tables 

BE = 1 gives M = 1 logarithmic steps between EO and ES 

= 2 gives $4 - 1 linear steps 

= 3 indicates that the slowing down table is read instead of computed 

ER table of slowing down values; not input unless = 3  

RO density of shield, g/cm3 

%E effective atomic number of shield 

CF straggling parameter taken from figure 3 

a starting value for a uniform distribution of random numbers 

a starting value for a normal distribution of random numbers 

atomic or  molecular weight 

The subroutine P A contains a NAME which includes the following 
variables: 

EP 

EPS cut-off energy for pions 

largest energy to be included in the pion slowing down tables 

number of points in the pion stopping power tables 

number of energy points desired in  the slowing down tables 

A but for pion data 

A but for pion data 

is called from G to prepare the source tape for the 
CE contains the following variables :: 

IS0 = 1 for all source particles incident at (X = 0, Y = 0, Z = 0) (see fig. 2) 
= 2 for source particles spread uniformly over the Z = 0 plane 
= 4 for source program to be written by the user 

M IV cards. 
This indicator generates a transfer to the end of this subroutine where 
the user may insert his F 

IS 1 

FAC 

E l  

E2 

= 1 for normal incidence 
= 2 for isotropic incidence 

fraction of neutrons in source spectrum 

lowest energy in source spectrum 

h ighs t  energy in source spectrum (for monoenergetic source E %  = E2) 
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The subrout2ne GDATA contains a NAMEUST, GDA.T9 which has the following 
variables: 

IG = 1 for square-@ross-section transport medium 
= 0 for circular-cross-section transport medium 

length of transport medium 

RU half-square side or radius 

NT number of source particles 

Tape output.- The particle histories are recorded on the biography tape defined as 
TAPE$. 

Printed output.- The main program TWOGZ'Bb prints the indicator 1, 

prints the input data and the slowing down table. 

A prints the corresponding pion data. 

prints the variables input under 

mediately prints the header card. After the transport for this 
case is completed, the results are printed in seven columns. The first column indicates 
the chronological generation of the particles for that row. Columns 3 to 7 contain the 
number of protons, neutrons, T+? no9 and n--, respectively, in the generation indicated 
in column 11. The value in column 2 of each row refers to the data in  columns 3 to 7 of 
the next row, It is the number of particles from the generation which suffered nuclear 
collisions. 

Subroutine SO CE prints the source energy interval and the composition of the 
source spectrum, 

P and TWBGEV are nearly the same in both composition and usage, There 
irst, PROTCBS transports only nucleons with energies less 

eV; whereas T W W E V  transports both nucleons and pions with energies up to 
may use a biography tape from a ~~~~~~ run as a source 

must generate its own source tape. Third, to improve the sta- 
ng procedure is incorporated in P whereby the user may 

have a%l source particles split at their first nuclear interaction. That is, for an n to 1 
splitting, when each source particle suffers its first nuclear interaction, GENU is called 
n times instead of once and each of the derivative partides carries a weight of f/n 
instead of 1, This weight must then be accounted f ~ r  in STAT, No such procedure is 
programed into TWOGEVe 

are three main differences, 



The following description of PRO'HIS contains only new information since many of 
the subroutines are identical to their TWOGEV counterparts. 

Main program.- The main program is labeled P OTOS, The program card defines 
the tapes %NPUT, OUTPUT, TAPE4, and TABES as in 
unit, TAPET, on which may be loaded a biography tape generated in T 
as a source tape. 

There is an ad 
GEV to be used 

Subroutines.- As in TWOGE the main program P S calls subroutines which 
read input, prepare data, perform the calculations, and terminate the output. 

PDATA: There is no entry 

ATA: See TW GEV description. 

GEO: This subroutine transports only neutrons and protons. o r  n to 1 splitting, 
it calls GENU n times. Under directions from the user, it takes source particles from 
a previously generated biography tape, TAPE7, instead of the usual source tape, TA 

GENU: SeeTW B description. 

otal kinetic energy is conserved in this version of the program. 

T: The maximum number of allowable particles to be stored is 50. 

This subroutine is the same as in T except that NP = I. or  2 9  .E 
is dimensioned as E is not dimensioned at all. 

PUT: See TWOGEV description. 

STATI: The variable denoting particle status I is restricted to neutron and proton 

e TWOGET description. 

DPACK: See T GEV description. 

UNPACK: See TWOGEV description. 

Tape input.- PROTOS expects the onte Carlo tape generated from 
defined as TAPES. If P run, the output biog- 
raphy tape from that run should be defined as TAPE7. A blank tape should be mounted as 
TAPE4 to be the output biography tape. 

is to be a continuation of a TW 

Card input.- The P OTW card input is the same as the TWOGE card input except 
that 

(I) There is no entry point PHDATA and no namelist PDAT. 

(2) HSO may be 3,  in which case the source particles are taken from a previously 
generated biography tape defined as TAPE7, 
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(3) Mamelist GDAT contains an additional variable WHT which is the inverse of the 
splitting desired. For example, to split 10 to 1, WHI' = 0,1, Each particle with all its 
derivatives is assigned a weight (SEAT) equal to WH%, (See STAT for suggestions in 
using this option.) Variable WHT is set to 1.0 internally before GDAT is read. 

Tape output.- The histories of the particles are recorded on the tape defined as 

Printed output.- The PROTOS output is similar to the TWOGEV output except for 
obvious diff erences resulting from the fewer types of particles considered. 

SUPER B (R2093) 

ery few modifications have been made to SU B at Langley. For that reason, 
most of the following description consists of excerpts from reference 1. 

The program is not useful at lower neutron energies where more detailed 
data are needed. If P 
not try to continue the transport process but puts it on the biography tape. 

OS creates a neutron at a lower energy than 18 MeV, it does 

s and copies the biography tape and when it finds a neutron with energy 
it transports the neutron and its derivative neutrons until they a re  either 

absorbed, leave the slab, or have a collision. Any neutron with energy below a prese- 
lected cut-off value is ignored. For any neutron with energy below thermal energy (a 
value specified by the user), SUPER B uses a constant mean free path and absorption 
probability. The program puts the biography of ea 
so that the final result is an expanded tape in  the P format. The transport of the 
neutron is done by the standard Monte Carlo technique, that is, the mean free path at this 
energy is found, the actual path length is selected from the exponential distribution, and 
the particle is moved to the new point. If the neutron is still inside the transport medium, 
the absorption probability is compared with a random number to test whether absorption 
occurs. If absorption does not occur, the probabilities for different reactions are found 
and the element and reaction are selected. he resulting energy and scattering angle are 
determined and transformed to the laboratory system. he polar angle is transformed to 
direction cosines and the entire process is repeated for the particle at the new energy o r  
for a new particle, 

ent onto the new biography tape 

ain program.- he main program is labeled SU B and defines the following 
tape (or disk) storage units: 

TAPE4 - The input biography tape. 

TAPE3 - The output biography tape. 

TAPE18 - A disk storage unit onto which the user has copied the two appropriate records 
from the third file of the master data tape, 

25 



TAPE5 and TAPE6 are the card input and printed output devices, respectively. 

SUPER B reads the nuclear data into core and calls subroutine BUPB, 

Subroutines,- The main program SUPER B calls subroutines which read input, pre- 
pare data, perform the calculations, and terminate the output. 

SUBB: Subroutine SUPB reads the card data input, sets up initial values, and calls 

START: Subroutine S T ~ T  reads the PROTOS biography tape until it finds a neu- 
tron of energy less than 18 MeV. Since it sometimes happens that in a problem one gen- 
erates far more neutrons in the 0 to 18 MeV range than a re  needed for statistical pur- 
poses9 an option is included which allows the user to employ a 
to reduce the number of neutrons transported and hence the computation time and the 
number of output tapes. The ssian roulette procedure is the inverse of the splitting 
procedure described in  PROTOS. In SU ER B, the user specifies the fraction of low- 
energy neutrons he wishes transported, with each one having its weight divided by this 
fraction. The neutrons which are not transported are merely deleted from the biography 
tape. By using the specified fraction and a uniform distribution of random numbers, it is 
determined whether this particle is to be transported. E so, computation proceeds to 
ENTRY EXPEM. 

ssian roulette procedure 

EXPEN: This subroutine computes mean free path, computes the new particle 
position, and tests the absorption probability. If the neutron survives, the control goes 
to REAKT. 
and OUT to put information on the biography tape. 

If the particle is absorbed, control goes to $3 EXPENuses s 

REAKT: This subroutine uses the probabilities entered as part of the nuclear data 

cle and the laboratory scattering angle are 
e I f  the reaction is not fission, control is 

to choose first the atomic element of the shield and then the type of reaction, If the 
reaction is fission, the energy of the ne 
computed in REAKT and control goes to 
given to the appropriate reaction of ELAST (elastic scattering), 
NTVN (n,2n), 

ELAST: This subroutine tests the neutron energy to decide whether isotropic seat- 
tering occurs in the center-of-mass (cam.) system. If not, it selects an angle from a 
given distribution. It converts the c.m. angle to the laboratory system and calculates the 
resulting energy in the laboratory system. Control then goes t0 

INELAS: This subroutine tests the neutron energy to see if continuous or  discrete 
energy loss is to be applied. If discrete, a level is chosen from the probabilities and the 
resulting laboratory energy is computed, The scattering is isotropic in  the cam, system. 
If continuous, the correct parameters for this element are chosen, an energy is drawn 
from the distribution, and control goes to REOR, 
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NTVN: This subroutine gets its secondary energy with an even chance from one of 
two distributions of the same gelaeral form as in the continuous part of PMELAST. 

: This subroutine tests the new energy to find out whether it is below cut-offff. 
If so, control goes to T to search for a new particle, If not, L 
and when control returns to RE it calls EXPEN, 

See TOS description. 

Tape input.- The m program SU B expects the two records of interest from 
the third file of the master data tape to be copied to the disk unit designated TAP 

rgy neutrons from either a 
3. The user must request a blank 

ntaining the data for the low 
run should be mounted as T 
to be the output biography tape. 

Card input.- All input variables are  defined through a namelist ZNPU as follows: 

cut-off energy 

length of transport medium 

radius or  half-side of square 

= 1 for square-cross-section transport medium 
= 0 for circular-cross-section transport medium 

the first T records which go on the biography tape for this case will 
be printed 

random number 

incident energy interval for this case 

(for identification purposes only) 

thermal energy 

probability of absorption at ETH 

mean free path at ET 

fraction of low-energy neutrons to be transported, 0 < WHT 5 1 

Tape output,- The histories of the particles are recorded on the biography tape 
defined as TAPE$, 



Printed output,- The input data are printed asad the N CPT records are printed 
in columns as X9 '46, Z ,  8, @ 9  E, I& NSOU, SLAT, IGEM, 

The total number of records on the output tape is printed. 

COMPILATION OF PARTICLE 094) 

STAT is the final link in the P code, From the histories previously 
recorded on the biography tape, STAT obtains the information required to compile fre- 
quency distribution functions for particles in the transport. Frequency distributions are 
computed for a particle at any depth within the transport body as a function of the parti- 
cle's Cartesian or polar coordinates, energy, and/or direction of travel. The output may 
be in tabular or  graphic form and/or on magnetic tape. 

istribution Function 

The frequency distribution function N ) which is computed in STAT may 
be best explained by first  looking at the one-dimensional case. Consider the flow of a 
particular type of particle across a plane at a depth Z. Let the range of a variable Vi 
be divided into nd equal intervals Vi. Then, the frequency distribution function 
N(11) for this type of particle at a depth Z within the body is defined as the number of 
times the variable Vi, when observed €or the particles at this depth, was found to have 
a value lying in the 11th interval; that is, 

The extension to a function of j variables M ( I ~ , l i ~ , , . . ,  
intervals of lengths AVg 9.AV2 , ,A is obvious. The value 

effectively stored as a j-dimensional array, and for future reference zn array element 
will be called a bin. A maximum of five variables may be included in the distributions. 
These variables a re  particle coordinates X and Y (or energy E, and 
momentum angles 8 and @e 

The user must specify the geometry of the volume used for the transport, the depths 
(values of Z coordinates) at which he desires the counting to be done, and the types of 
particles he wishes counted. STAT computes N(;IgJ~ 
ways. The first method counts the number of particles crossing a specified plane 
(Z = Constant). If the path of a requested particle intersects one of the planes, the values 
of the variables a re  obtained at that depth by linear interpolation and the appropriate bin 
is updated. The second method involves counting through a volume. The user specifies 
another plane at I% + AZ which defines a subslab of the original body OF slab, STAT 

a ) by counting in one of two 
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uses the specifications on X and Y (or R and 8 to further partition the subslab 
into smaller volumes. Now each time the path of a particle intersects one of the bound- 
aries of these volumes, the appropriate bin is updated by /2- Figure 4 illustrates a 
typical situation. The particle intersects bin 4 at A, the ce of the subslab, intersects 
the plane common to bin 4 and bin 2 at B, and goes out the back of bin 2 at C. Bin 4 gets 
updated by 1/2 for A, both bins 2 and 4 get updated 1/2 for and bin 2 gets updated P/2 
for c, 

f one or  both of the coordinates are not requested as variables, their interval is 
effectively taken by the program to be -m to +CO (0 to 360° for 8 
were not requested, there would be no intersection at B in figure 4. 

For instance, if Y 

Calculation of Storage 

A one-dimensio storage area LC is set aside in  ST to hold the frequency 
distribution function 1 ,I2 ,. . . ,Ij) and update it as the biogr records are read from 

he dimension of this array can and should be modified according to the needs of 
the particular computer run to make most efficient use of the computer. To be able to 
specify this dimension, the user should be acquainted with the method of storage and com- 
putation used in ST . First, the storage area is used to compute N(11,129e,~,1j) as a 
function of all the variables which appear in  
compute the particular distribution N Il,.. *, 

subset of the variables in the previous secti 
unneeded variables. o r  example, suppose ) and N(X,B) are requested; 

red distributions. 
S j, which is a fun ( 

ummation is performed over the 

,Y,@ is computed and later summed as follows: 

Y 

he storage area is constructed as follows. The number of locations NL 
to store the function for any one type of particle at any one depth is calculated from the 
user's input specification. types of particles requested, the number of loca- 
tions needed pes depth is 

C locations a re  set aside for the storage area by the user, the total 
number of depths for which N(Il,Q,..-Jj) may be calculated in one pass through the 
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biography tape(s) is determined from 
metic. 331 each pass through the biography tape(s), N(Ef,Ip, ... Jj) is calculated for 

amount of residence time, but also the maximum program length, occurs when enough 
locations are  set aside to aceommodate all the depths desired in just one pass through 
the tapes. The trade-off between the two must be made by the user. The modification 

ogram can be done easily (I) by changing the dimension of the LC array in the 
N statement of the main program and (2) by setting LOC equal to this dimension 

EP = &W/LWTOT by using integer arith- 

EP more depths until al.1 the depths have been processed. Obviously, the minimum 

as the first executable statement of the program. 

In order to decrease 
29...,1j) is packed N 

storage required, the frequency distribution function 
bins to a computer word. The user specifies M 

must be careful in the selection to avoid overflow of a bin. he number of bits N 
which are allotted to each bin is computed from MB = 59/NBIN by using integer arith- 
metic, and thus the maximum value a bin could have would be 2N 
printed which tdls the number of times an overflow was attempted. A bin is not allowed 
to overflow. ts value remains at the maximum. The value of NLOC, needed previ- 
ously, may be calculated from 

and 

- 1. Amessageis  

by using integer arithmetic. he LC array is used as follows: 
j) for particle type I C locations contain N 

Starting at LC(P), the 
at depth I, the second 

NLOC locations contain the corresponding information for particle type 2 at depth 
etc., up to a maximum of the four types of par 
format for depth 2 is followed starting at %C( + I). This format continues for 
as many depths as are being processed in this run. 

can be requested. 

rom the given values for the inctices % p J  
T, STAT can compute the LC element 

) computing L C ,  the position of thi 
first particle type at the first depth, and then by (2) modifying this number as follows: 

Then LC(LOC! 1) would contain the desired bin. 
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Weighting 

As stated in the PROTOS and SUPE descriptions, the particles may be weighted 
ssian roulette in SUPER B. This difference differently due to splitting in P 

in weighting is accounted for in STAT by an integer input M 
scheme used requires an integer count in storage, each bin must be updated by an inte- 
gral amount. The variable N 
tiplied by each of the possible weightings will1 m 

e Since the packing 

should be the smallest integer value which when mul- 
he products integers e 

to yield the correct di dts, each unpacked bin is divided by 
has the effect of reducing the maximum count a bin can have by a factor of 
an make both good and bad choices for the weightings in the transport, 

As one example, the user splits 7 to 1 in and keeps 0.3 of low-energy neu- 
R B. The possible weighting factors from 

M must have a value of 231. 
are 1/0.3 and ( /7)/0.3. Therefore, all possible wei 

s a second example, the user splits 7 to 
energy neutrons in SU 
1/7 and from SUPE 
1, I/%, 4, and 4/7 a 

The possible weighting factors 
/025 and (1/9)/0,25. Therefore, all possible weights are 
must have a value of '7. 

Clearly, the choices in the second example are better than those of the first exam- 
ple by a factor of 3 even though the weightings a re  nearly the same. 

ain Program 

he main program is labeled STAT and defines the following tape (or disk) storage 
units: 

E4 - The input biography tape. 

output tape which will contain the frequency distribution functions if  tape 
output i s  requested, 

6 are the card input and printed output devices, respectively. 

All card input is read in the main program, The logic necessary to identify the 
variables in the statistics is formulated. he storage requirements for the frequency 
distribution function are computed and subroutine GEO 
tion for the first case and for as many depths as allowed by the storage. Subroutine 
SUMM is called to compute the desired statistics by summing over the unwanted vari- 

more depths, the tape I s  rewound and all cases processed again for these depths, 

is called to calculate the func- 

is called repeatedly until all the cases have been processed, E there are 
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Subroutines 

Program S calls the following subsoutines in order to read the biography tape 
and to compute and output the frequency distribution function for the variables specified 
by the user in the main program. 

his subroutine, with the aid of subroutines 1 c, cwm, and 
E ~ obtains the frequency distribution function for one case. It reads the biography 
tape until it finds a type of particle which has been requested and then traces the move- 
ment of the particle through the body by reading successive records from the tape. The 
location of the depths o r  subslabs to be processed has been supplied from the main pro- 
gram. If the path of the particle intersects any of these planes or  subvolumes (fig. 4), 
NTSEC is called to obtain the data at the intersection point. Subroutine C is then 

called to deter n counting through a volume, whether are other points of 
intersection. = 10 000 is encountered on the tape, M returns control to 

NTSEC: Given particle data at two points from the biography tape, subroutine 
SEC computes by linear interpolation the value of the variables at some intermediate 

point. 

c nce GEOM has determined that the path of the particle intersects any 
part of the plane or subslab, COUNT is called. If this run is to count across the plane, 
0 is called and given the variables at the intersection point from which it deter- 
mines the indices ibed previously. When counting through a volume, 

and supplies these values to 
omputing the intersections within the subslab (fig. 4) 

ER: Subroutine 
and the uservs  inp 

uses the values of each of the variables given from 
ining the variables to compute the indices 

riate bin and then UP 

es the index values supplied by 0 to compute 
which LC array element contains the bin and in which part of the word the bin lies. 

has entry points E, which unpacks and retrieves this part of the word, and 
hich updates the bin by some integral amount. 

T: Subroutine I computes values used by L CAT in unpacking and updating 
the LC array, 

n ordering array i s  constructed in SU to relate the position of each 

he particular distribution is then computed by summing 
variable in the particular distribution to its position in the larger distribution which i s  a 
function of all the variables, 
over the unneeded variables in the larger distribution. To retrieve N from the LC 
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array for a particular set of indices, SUM 
array. The retrieved values are adjusted for the weighting factor and output in a tabular, 
graphic, or  tape format, After this distribution is computed and output, a return is made 
to STAT, 

which makes use of the ordering 

‘k: Subroutine PET substitutes isplay Code characters for the values 
in the two-dimensiona1,number density function to be output as a plot. 

PLOTN: Subroutine PLOTN plots Pa The range of N is divided into 50 equal 
intervals and the userss  specification for th 
P, N, +, and - areused  to denote “(“1) for protons, neutrons, a+, and a-, 
respectively. 

riable defines the abscissa. 

uses the ordering array from SUMM to supply LOCA 
correct ordering of the indices. The value of the bin is retrieved from 
return to SUMM. 

Tape Input 

The biography tape should be defined TAPE4 If there is more than one tape, the 
labeling provided by the operators at the time of the tape generation should handle any 
continuation problems. 

The card input for S AT is as follows: 
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lumber 
f cards 

FORTRAh 
name 

NPLNS 

WAR 

NSTAT 

IOPT 

NCASES 

NTAP 

TAP 

NPOP(1) 7--- 
I 

NPOP(2) 

NPOP(3) 

NPOP(4) 

NBIN 

NORM 

D Z(NPLN: 

~ 

N 
S 
T 
A 
T 

VST(1) 

VST(2) 

VST(3) 

VST(4) 

VST(5) 

TAIP 

PLOT 

I 

- 
2olumm 

1 to 5 

6 to 10 

11 to 1 5  

16 to 20 

- 

21 to 25 

26 to 30 

41 to 50 

1 

2 

3 

4 

5 to 10 

11 to 1 E  

1 to 10 

11 to 2c 

21 to 30 

1 to io 

11 to 20 

21 to 3@ 

71 to 8C 

1 to 1c 

1 to 5 

6 to 1( 

11 to 2( 

21 to 3c 

1 to 5 

6 to 1( 

- 

11 to 1: 

16 to 2( 

21 to 2! 

26 to 3( 

31 to 3! 

36 to 4( 

- 
1 to 1( 

11 to 21 

- 

F10.2 

F10.2 

F10.2 

F10.2 

F10.2 

F10.2 

F10.2 

F10.2 

F10.2 

A5 

I5 

F10.2 

F10.2 

15 

A5 

A5 

A5 

A5 

A5 

I5 

I5 

- 

F10.4 

F10.4 

- 

Description 

Number of depths at which N is to be computed 

l'otal number of different variables which will appear in any of the requested distributions (NVAR C ! 

Number of different distributions required (NSTAT 2 10) 

= 1 to count across a plane 
= 2 to count through a volume 

Number of cases on biography tape(s) for which this se t  of input is applicable (NCASES C 20) 
(Each case terminates with a record having IK = 10 000.) 

Number of reels containing the particle data 

rape number of f i r s t  reel, left justified (not needed for NTAP = 1) 

= 1 if want distributions for neutrons 
= 0 if do not want distributions for neutrons 

Same as in previous item for protons 

Same as in previous item for PI- 

Same as in previous item for PI+ 

Number of bins to be packed into one word 

Smallest normalization factor which makes all possible relative weights perfect integers 

Maximum value of X (or R) 

Maximum value of Y (or blank) 

Maximum value of Z (see fig. 2) 

First depth at which distribution desired 

Depth of first  subslab (set to 0.0 if IOPT = 1) 

Second depth 

Depth of fourth subslab 

Fifth depth 

Depth of NF'LNS subslab 

Variable name (left justified) 
(See text that follows for possible entries.) 

Number of intervals for this variable 
(Note restrictions on OR and q5 in  text that follows.) 

Minimum value of f i r s t  bin* 

Change in value for each bin* 

Number of variables in this distribution 

Name of first  variable in the distribution (left justified) 
(See text that follows for possible entries.) 

Name of second variable in the distribution (or blank) 

Name of third variable 

Name of fourth variable 

Name of fifth variable 

= 0 for no tape output of this distribution 
= 1 for tape output 

= 0 for no plot of this distribution 
= 1 for a plot 

No plotting can be done for NU > 2 

Lower bound of incident energy spectrum 

Upper bound of incident energy spectrum 

Nhen variable is an angle, then input unit is degrees. 
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The names of Mae seven variables which might appear in  card E or  F (in VN or 
P, or E whichare for the coordinates X and Y (or R 

momentum angles 0 and @, md energy E. ue to the rotational symmetries 
of the variables and @ about the Z-axis and the line '48 = X in the 
their values are 
allocated accordingly. 

TAT to a range of 0 to 4 5 O  and the bins should be 

his entire set of data cards is assumed to be per nent to the NC 
more distributions are sought, an entire new set of cards is required, The 
tape is always in a rewound position when card A is used. 

The frequency distribution hnetio a s  Jj) may be recorded on magnetic 

tape if requested. The tape should be mounted on logical unit IO. 
on tape in the same order as they appear in the printout. 
depth, the following information is recorded per distribution: 

he data will appear 
or each case and at each 

where these variables have been previously defined 

ecord 2 

where 

the number of variables in this distribution 

an array element whose value indicates the variable Lo which the Ah element 
of the other arrays refer 

L - for x 
= 2 for P 
= 4  e 
= 5  4 

- 

= 6  
= 9  
= 8  

VVS@) 

DELS(J) 

the lower limit of the first bin in the variable indicated by %P(J) 

the change in value from bin to bin for this variable 
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WJ) 
m 

the number of bins allotted to this variable 

an integer which tells how many records follow to give N for one type of 
particle 

ecords 3 through 3 + 

records contain the frequency distribution function N for the first type 
of particle request h record contains the following information: 

),(SUM(I[),H = 1, 

where 

S the number of elements in the SU 

NW Nuv- 1 

indices of first NW variables 

SUM an array whose Ith element gives N for fixed indices I 
interval in the last variable in the statistic 

There follows more records for each type of particle requested. 

The same type format is used on the remaining distributions. Next, the whole pro- 
cedure is repeated for the next depth and the following depths. Then the procedure is 
repeated for the next case on the biography tape. 

An example of a typical tape output is as follows: 

Presume that N( 0,E) is requested for protons and neutrons at Z = 
The incident energy was from a The momentum angle 6 has two bins in  
range 0 to 90' and the energy E has two bins in range 0 to 200 Me 
Presume also that the following information was compiled by STAT: 

Neutrons Protons 

0 to 100 * 
45 to 90 

100 to 200 3 
Then the output tape would contain 

Rec 1 

Rec 2 

IO., O., 1, l9 0, 0, %50., 200. 

2 9  49 o., 45,,  2,  6 ,  o,, loo., 2, 2 
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Rec 3 

Rec 4 

ec 5 

ec 6 

2, I, 25, 13 

2, 2, 16, 11 

2, 1, 18, 5 

2, 2, 15, 8 

nformation which describes the input is printed out. 
any one bin may have is printed as well as the number of attempts made to overflow the 
bins. After reading all the data from one 
records, and the number of low neutrons. IK # 10 000, there has been a read error,  

he maximum value which 

se, printed out are IK, the total number of 

The distribution function N is recorded in one or more of the following forms 
(one always gets the tabular form except as noted): 

Tabular 
interval size for each variable in the particular distribution is 
,em,,Ij) is printed out by listing the indices of the first j - 

ables and printing N as the jth index varies over its range. 

Graphs 
Graphs may be obtained for p$IT < 3, For = 1, a plot of N 
is given on the printed output by using the TN subroutine. 

rectangular grid based on the variable intervals is established and N is printed out by 

N = O  Blank 

N = B t 0 9  1 to 9 

N = 10 to 35 A to Z 

he values for the asterisks are printed out below the graph. o r  this plot the 
tabular output is suppressed. 

f a plot for ~ ( ~ l g ,  ) is requested, there is no tabular printout nor can 

there be tape output i f  

A sample problem consisting of a source spectrum of 500 particles (40 percent pro- 
tons and 60 percent neutrons), isotropically incident on the top of the atmosphere with 
energy uniformly spread over the interval I500 S E 5 2000 MeV, was solved by nieans of 
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PROPER 3@. The transport medium is an infinitely wide slab of air I000 cm thick, The 
air density was assumed to be 1 g/cm3. Because of the lack of high-energy data for 
nitrogen, data for pure oxygen have been used for air above 400 MeV. The stopping power 
data were obtained from reference 8. A splitting of 2 to f is performed in OS and 
50 percent of the low-energy neutrons are transported in SUPE total of approxi- 
mately 20 min of central processing time and 60 min of peripheral processing time was 
required to complete the transport. 

Listings of control cards, data input cards, and printer outputs are given for the 
sample problem. 
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S4HPLE PR7RLtM CONTROL C B I D S  FDK I N T P O L I  CARD REFERENCE 

J8Re le300 ,7100e  

REOUEST TAPEILleHY, 206017~ROsJJLsWASTER DATA TAPE 
R U V t S I  

RFWIND(TAPEl1  t 
C7PYRFITAPFl1.  APE91 

D 3 7 P F I L I T A P E l l  
R EW I NO( TAP €9 )  
SbdJTCH 3. 

c sae 
REOUEST DIJMY2eHY a 2 1 2 0 5 4 p R I L  e J J L  v Y: ZGEV A I R  

REWIND1 TAPER) 

U\ILOAD( DUYMZJ 
EXIT. 
UNLClAOf DUMM21 

COPYRF(TAPEBoDUMM2) 

71819 : d m  

SAYPLE PRJBLEM tONrRUL CAXDS FOR INTPOLZ 

J ~ R ~ ~ ~ ~ o o ~ ~ ~ o o o .  
RUN( S )  

RFdIND(TAPE11)  
REOUEST TAPE11.HY. 206017r l tO1JJLeY4STER DATA TAPE 

C l P Y B F I T A P E I l o D I S J  
C 3 P Y B F ( I A P E l l v T A P E 9 )  
DX3PFIL ( T A P E l I )  
REWIND1 T4PE9) 
LS3. 
REOUEST OUMM2s +iY-s1202019pRILoJJL1MC DATA A I R  

REWIND( T4PE81 
C’lPYRFI TAPE88 DUYM2 ) 
UVLOADf OUYMZJ 
EXIT, 
UNL3ADIDUMMZ) 
7 1 8 1 9  C A Q O  

JOB CARD 
COMPILE 
MOUNTS MASTER TAPE 

PUT H IGH ENERGY DATA 
ON D ISK 
UNLOAD MASTER TAPE 

SUPPRESSES BINOUT1 
PRINTOUT OF PACKEU 
FACT ARRAY 

MONTE CARLO TAPE 
FOR THOGEV 

CDPY DATA TO MC TAPE 

CARD REFERENCE 

MOUNTS MASTER TAPE 

S K I P  F I L E  1 
CDPY F I L E  2 

MONTE CARLO TAPE 
FOR PROTOS 

COPY DATA T O  NC TAPE 



SAQPLE PROBLEM CONTROL C 4 4 O S  FOR TWOGEV CARD REFERENCE 

JOB o 1 D 400 s 723 00, 

RE3UEST DUMY2rHYa 212054eROsJJLeMZ 2GEV A I R  
C D P Y R F ( ~ U Y M ~ ~ T A P E ~ D I )  

RUY(S)  

REW I N D I T A P E 9 )  
DK3PFI  L ( OUMMZ) 
RFCIUFST TAPE4sHY- 5 0 9 0 1 1 e R I L s J J L o r B U G E V  TEST CASE 2 
LCO, 
UVLf lADl T4PE4)  
F X I T .  
UNLQAOl TAPE4) 
?/a19 C A R D  

SAMPLE PR3RLEM CONTROL CARDS FOR PROTOS 

J l R .  l r2000e63000, 

RFOllEST 3UMM2rHYe 1 2 0 2 0 1 9 e R U s J J L  r M C  DATA A I R  
C~PYRF(DUMMZITAPE~.~ )  

RUV I F 8  

REW I N D (  TAP E91  
DROPFIL (DUMM2) 
REDUEST TAPE7eHY. 509011-zRO1JJLv TdOGEV i E S T  CASE 
REQUEFT TAPEGoHYe SAVTPe R I L e J J L e P I U T  TEST CASE2 
LGI. 
UhJLDAO( TAPE74 
WdLO A 0  ( TAPE4) 
FXIT, 
UNLOAD( TAPE?) 
UYLOAD( TAPE41 
71819 L A R D  

MONTE CARLO TAPE 
PLACE H I G H  ENERGY 
AIR DATA ON D I S K  

OUTPUT 610 TAPE 

CARD REFEKENCE 

MONTE CAKLO TAPE 
PUT 400 M E V  A I R  DATA 
ON D I S K  

SOURCE TAPE 
OUTPUT 610 TAPE 



FhHlPLE PRJBLEH CONTROL C P X D S  FOR SUPER B CARD REFERENCE 

JnR 1 booe  4700, 
R,J$(  S t  
REOUEST TAPP11.4Yo ~ O ~ O ~ ~ P R O ~ J J L ~ M A S T E R  DATA TAPE 
C 3 P Y B F l T A P P l l  e D I  5 - 7 1  
C 3 P Y B R 4 T B P P l l r D I  5 9 2 4 )  
C l P V R R ( T A P P l l r T A P E 1 0 . 2 )  

D R O P F I L l T A P P I l )  
REOUEST TAPE3a HY, SAVTPo R I L s J J L e S U  TEST CASE2 
REOUEST TAPE40 I iYe 2111050. R J r J J L .  PRUT TEST C A S E 2  
L.E.0, 
UNLOBDITBPE3) 
IJNLOAD( TAPEQ) 
F X I T ,  
UNLUAD(TAPE3) 
UVLOAUI TAPE41 
7 / 0 / Q  CARD 

SAMPLE PROBLEM CONTROL CAitDS FOR STAT 

J 7 B o l o 4 0 0 a 6 5 3 0 0 -  
RUNJS) 
REQUEST T A P E b d Y .  107021eROvJJLoSM TEST CASE2 
REallEST VAPElO.aHY+ SAVTPsRILpJJLe  STAT TEST CASE2 

LGD, 
UNLOAD( T A P F 4 )  
l lMLOAO(TAPE10 1 
EXIT, 
UNLOAD l TAPE4 1 
IJVLO4D t T A P E 1 0 )  
7 / 0 / 9  CARD 

NOUNTS MASTER TAPE 
S K I P  T U 0  F I L E S  
S K I P  2 4  RECORDS 
PUT LOW ENERGY 
NEUTRON A I R  DBTA 
ON D I S K  

OUTPUT B I O  TAPE 
INPUT BIO TAPE 

CARD REFkRENCE 

INPUT BIO TAPE 
REQUESTED ONLY I F  
WANT TAPE OUTPUT 
F R O M  STAT 
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PLE PRQBLEM 
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SBMPLE PROBLEM CARD INPUe FJZ XNTPOL1 

1 1  
R 16-0 8 18. 8 1 6 , O  A I R  
8 ,03764 

3, I "  1 8, A I R  

SAMPLE PROBLEM CARD INPUT FDR INTPOLZ 

2 1  
6 12-0 
R 16-0 
7 ,0344 

0 ,  1, 

8 16, 7 14 ,  N2 
8 18, 8 16, 02 
i3 ,00752 

2 7,2 A I R  

CARD REFERENCE 

CARD SET A 
CARD SET B 
CARD SET C 

CARD REFERENCE 

CARD SET A 
CARD SET B 

CARD SET C 
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(AMPLE PKnAhEK CARD I N P U T  FD3 TWOGEY CARD REFEREPICE 

ii=6 FOR HEADIMti  
HEADING 

NAMELIST PDAT' 
1=1 TO caLL PDATB 

NAMEL I S T  P I D A T  

I=2 TO CALL GDATA 
NAMELIST GDAT 
1=3 TO CALL GEO 
NAMELIST SORCE 
1=7 TO TERMINATE RUN 

45 



SAMPLE P R O B L E M  C ~ R O  I w u r  FOX PROTOS CAR0 REFERENCE 

I = 6  FOR HFADING 
HEADING 
I = l  TO C A L L  PDATA 
NAYEL IST POAT 

I = 2  TO CALL GDATA 
NA#EL I S i  GOAT 
1=3 TO CALL GED 
NAMELIST SORGE 
1=7 TO TERMINATE RUN 
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SAMPLE PROBLEM CARD INPUT f3X  SUPER R 

SBYPLF.  PRDBLEM CARD INPUT F3X STAT 

4 2 3 1 1 1  107021 
1 0 0 1  4 2  

5000 5000, 1000. 
e 05 0, 20, 3 .  50, 0 ,  100 e 

THEP 2 0 ,  45. 
F 140 0. 5, 

2TqFP E 
l T H E P  
LF 

1500 I 2 0 0 0 ,  

CARD REf€RENCE 

NAMELIST I N P U  

CARD REFERENCk 

CARD SET A 

CARD SET C 
0. CARD SET 0 

CARD SET E 

CARD SET F 

CARD sEr B 

CARD SET G 



0 9 / 0 7 / 9 0  CRC C Y  S C O P E  3 - 0  5530;-13LK 0 6 / 0 2 / 7 0  
15 ,26 ,19 ,DAP0474  e - 0732 1 5 1 5  
15 .76 -  19, L R C  GOYPUTER COMPLEX 

1 5 . 2 & 1 9 .  J, LAM8 I O T T E  R M  2 0 5 4  
15,2h.?O,RUY( S )  
15 a 2 6 - 7  9 LG'3, 
15,26,41,MEMORY 0 1 2 6 0 0  CM 
15 ,?6 ,63  e EX II T 

15 ,26 ,48 ,CPU 0 , 9 1 9 7 8 0  S t C ,  
15.26.4R.PPU 29.249536 SEC, 
1 5 - 7 6 ,  4Ra DATE 07 /02 /70  
1 7 , 0 h a 1 6 ,  DAPO474. 4 0 9  L I N E S  P 3 1 N T E D .  L P Z l  

15 ,26 ,19 ,  J O ~ ~ 1 ~ 1 0 0 c 4 5 0 0 0 ~  4 0 0 0 0 a 9 0 1 0 5 ~ 2 o  

1 5 . 2 6 , 4 4 , S P P K I M T I O U T P U T ~ 5 1  
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TWOGEV SAMPLE PROBLEM OUTPUT 
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I-! 
N + 
W * 
e 
N 
03 
d 

* 

0 
0 
rl 

/I 
Y 
Y 
U 

c' 

0 
0 
\+ 
I1 
U 
U 
0 

4 4 0 0 0 0 0 0 0 c. 
O G O O O O O O O O  + + + + + + + + + +  
w w w w w w w UI w w 
0000000000 
r( -I r N m r- rl o 01 rl 
0 1 r m m r l e m m ~ a  
* r l o ' N r l m N + O m  

. 8 r n * 9 . 9 . * ) .  
N rl Ln pll N N N N d 

~4cl0000000 
0000000000 + + + + + + + + + +  
w w w w w w w w w w  
o c . o o w o o o o o  
0 .0  N ~ ~ N N O I ~ O ~  
Q In m d m N RI * + a 
O N * + N I U m d O O l  

m d . n  * r n h I R I N N d  

r l400c l00000 
0 0 0 0 0 o c 0 0 5 + + + + + + + + + +  
w w w w w w w w w w  
0000000000 
~ * m 4 w m + 0 1 m m  
0 1 a u - o t - w m o ~ n r  
a- m o. a m  9 m rl o o 

. *  o * . . . i . e *  

e D O O . O s . 9 L )  
m r l a * m N N N N d  

4 d o o o o o o o o c  
O O O O V G  CBOO O G  

t 
9 
V 

W 0 0 0 e 0 0 0 8 0 - 8  
d * r l 4 r n * t n r w -  

d d N N N N N N N N  
G O G V O O O O O O  + + + + + + + + + +  
w w w w w u, w w w us 
c o o o o o o o o o  
0000000000 
0000000000 
~ ~ o r m ~ a o ~ c c  
r l - 5 - 4 4  P'* VI r- a? 0. 

r l r l r l N N N N N N N  
000O000000 + + + + + + + + + +  
w w w w w w w w w w  
0000000000 
0000000000 
0000000000 
o W o a a O + m N . n  
~ O ~ ~ O O O O ~ .  

d m m r l ~ . f m a m m  

. 0 0 * 0 0 . 0 * .  

O r l d N N N N N N N m  
0 0 0 0 c 0 c 0 0 0 c- + + + * + + + + + + +  
w UI w w w us w U' w w w 
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 
00000000000 

W m W d N m l r 9 m o N  

0 d d N N hl (\I RI N nl 0- 
00000000000 + + + + + + + + + + +  
w w w w II! w w w w w UI 
v o o o O o o o v o o  
0 0 0 0 0 0 0 0 0 0 c. 
c 0 0 0 0 0 0 n o  0 fa 
C G O * C d S C * m N a  

0 0 0 . . . 0 * 0 * .  

O Q O m Q C O N Q O * O  
m o * e m o e o * . e  

9 m r + N .n t- o' M 

O d d N w N N N N N m  
O O O O V O V O O O G  + + + + + + + + + + +  
w w w w w w w w w w w  
v 0 0 0 0 0 0 0 0 0 0 
G C, G 0 0 0 0 0 0 G 0 
O O G O O o 3 o O O u  
V Q 0 CT 0 9 4) N 9 V If 

0 0 0 1 . . 8 . = . . 0  

~ ~ a r l ~ m + a r c r r l  

O r l d N N N N N N N m  
O O U O O G O G O O 0  
+ + + + t + 9 9 + + +  
w w w w w w w w w w w  

0 
0 

0 
u- 
I 
I1 U 
V 

I1 N 

0 
m CL 

W 
I 
0 a 

W 

.4 
c. 
4 

t 4 
0 

n 
II 
v) 
a 
W 

t;, 
(3 z 
Y 
n 

2 
U 

n 
0 
I- 
v) 

U 
0 

I- 
X W 

I- 

01 
W 
m 
5 
3 z 

U 
0 

CL 
W 
3 
0 n 

4 
I- 
4 
n 

rl 4 CI 0 0 c, 0 0 0 0 0 
O O O C O O G O O O n  V 

0 
0 
rl 

* a i + + + + t + + T  
UI w w w u* w UI w w u* U! 
o o o c o o o o o o o  

0 
0 

-I 
4 
U 

v) 
t 
a 

c 

r 

II 
0 
o[ 

d 

O O O O O G O  
O U O O O O O  + + + + + + +  
w w w u* w u1 w 
0 0 0 Cb 0 0 0 
Q.b.C)rn(r lF-P 
0 0 rl \D d ,-I O1 
rl r, u1 N rl n w 

0 
J3: W 

2 
0 
0 
0 0 1  

- 
O O O O E G C O 6 0 0  
V O O  V G  o C 1 0  0 00 
o c, c, n CI ct o o o n  P 
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GDATA 

LENGTH= i o n o , o o o  

WAX NUMBER OF STARTED PARTICLES= 500 

dALF SQUARE SIDE= 5030eOC 

ATMCSPHERIC CriLCULATION 5C3 PARTICLES ISOTROPIC 

SEGIM Met. AT Q b / 2 5 / 6 1  1 7 . 3 6 . 5 4 .  

STARTING RANDOM NUMBERS 
GAUSSIAN ,3000 
'JNIF'3RM o 3@00 

SCUPCE ENERGY INTERVAL IS 1533.@ 2900.0 

PERCENTAGE OF NEUTRONS I N  SOURCE SPECTRUM IS 40.00 

I N I T I A L  NSUTR, I W  OROT. 3 7 1  

STARTING WITH 500 PARTICLES ON RANGE -4GEV TO ZGEV 

VGEK COLL P N P I +  P I 0  PI- 

1 4 9 9  301 199 0 '3 0 

2 5 4 2  1 6 7 0  1729  235 2 4 0  2 2 9  

3 407  1 5 4 3  1603  1 1 4  135 124  

4 243  I C 5 2  1102  7C 6 9  75  

5 1C6 5E4 651  21 33  42 

6 4 2  2 5 9  959  8 1.2 14 

7 10  1 c o  9 9  1 1 3 

8 3 2 7  29 1 0 1 

9 0 7 1 1  C 0 1 

END M e C e  4T 0 6 / 2 5 / 6 9  1 7 . 4 2 , 0 5 0  

NOe OF LOW F;EUTRONS ANU PROTONS IS 9@63 

NO, OF PROTONS SLOWED TO 400.0 YEV IS 255  

END OF RUNP NO, OF RECORDS IS 25219  
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17,3?.n2.CO?YRF ( D U M Y Z .  T A P € @ , l l  
17.33.C6.REWIND (TAP591  
17.33.37, CKOPF I L  ( 3UMM 2 1 
17.33.1n. RELFAZFO DIJMY2 
17. 33.14.ROLLOUT W A I 7 I Y G  @hi PiLL QUIET 
17 e 33 1 6. ROLLOUT I N I T  I 4T FO e 

17. ?3,16.POLLOUT CCMPLETED. 
17.34.56. RCLL I N  IN I T  IPTED. 
17. ?6*  11.POLLIN COMPLETED, 

17, 2 t .  12,TEST C4SE2 
17.36,12. ( 6 1  A S S I G Y E O )  

17.36.45.MFYORY 0 6 5 1 0 0  CY 
17. L2.05.STflP 

17,42.07, UNLOAD f T8PE4 l  
17,42.13.CPU 112 .691589  SET. 
17.42.13,PPU 124, E l 3 0 5 6  SEC. 
17.42,13,CATE 9 6 / 2 5 / 6 9  

17.36 9 1 2  .RE GUEST TApE4. HY e 5 0 9 0  11, R I L ,  J J L  9 TWTJGFV 

17e360120LGOo 

1 7 . 4 2 . 0 5 a S P P R I N T ( O U T P U T , 5 )  

18.39.35. OAP5456, DRINT-PP C2032 LINES,LP 25  
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GCATA 

LENGTI-= 1000,COO 

PIbX NUMBER OF STARTED PARTICLES= 

P b L F  SOUDRE SIDE= 5000,OO 
3 
4TMOSPPER I C  CALCUQATfCN TEST CASE 

B E G I N  C m C .  ti? 06/26/69 19-38e42- 

5TBRTING RPNDOM NUMBERS 
GAUSSIAN ,3000 
lJhIFCRM e 3000 

S E U R C E  PARTlCLES FRCM ElOGRdPHY TAPE 

S P L I T  2-1  ON F I R S T  NUCLEAR TNTERACTION 

G E ' r  

1 

2 

3 

4 

5 

6 

7 

e 

9 

1c 

11 

12 

13 

1 4  

15 

16 

COLL 

0 

14w 

2551 

296  5 

275 1 

2 0 P 2  

i 3 w  

7 1 9  

36h 

167 

66 

28 

I I  

3 

2 

0 

P 

0 

1394 

3094 

4CC1 

3 8 1 8  

3 1 1 2  

21.29 

1258 

644 

313 

145 

47 

2 1  

b 

1 

1 

N 

0 

143C 

3675 

5037 

5205 

4543 

324C 

2C23 

1 C78 

53G 

242 

96 

37 

1 5  

3 

2 

ERO H , C ,  BT 06/26/69 1 9 , 5 1 . 4 ? ,  

NUMBER OF LO@ NEUTRONS IS 15809 

0 

E N D  OF WUL, NO. OF RECCROS IS 182333 
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0 6 / 2 6 / 6 9  LRC CM SCOPE 3 - 0  b600B--65K 04/16/69 
P ' L C 8 , O  9. CAP5577, - 0624 1 4 5 5  
1 9 A 8  -09 e LRC COMPUTER COMPLEX 
1 4 ~ C 8 ~ C 9 ~ J C R ~ 1 ~ 2 0 0 0 o 6 3 G C O ~  
19eCe.C9-J4Y J e  LAMBIOTTE* RN 2 0 5 4  
19eC8e09,AtiMBS) 
19. C 8,27 .L INECNT t 10000) 
19.C8,29.POLLOUT WAITING ON ALL QUIET 
19 e C 8 30 a R OL LOUT I N  I T I  ATE 0 e 
19,C8,31 .GO1 LOUT COMPLETED, 
19.14.55.RCLLIN I N I T I A T E D ,  
19.14.56.RCLLIN COMPLETED, 

19,14.56,& P I R  
19.14,56, 1 6 7  ASSIGNFOP 

19,14,59,REWINO (TAPE91 
lS.15.00.CA~PFIL(OUMM2) 
19-15.02. RELEASED OUMM2 
19. 15.020SET INDF, 
19,15.04.RCLLOUT WAITING ON ALL QUIET 
19.15,05.ROLLOUT I N I T I A T E D .  
19,15.07,ROLLOUT COMPLETED, 
19.18 e 4 3  e R CL L I N I N  I T I  ATED. 

ROOCG e 3 1 6 7 1  .r 2 I 

19e14e56aAEQUEST DUblV?oFY, 1202019,ROheJJLsVC OAT 

1 9 e 1 4 ~ 5 7 . C C P Y B F ~ O U M M 2 0 T P P E 9 . 1 )  

19a18e45 .90LL IN  COMPLETED. 
19mle,45eREQUEST TAPE7,HIs 509011eROL*JJL*TWOGEV 
19.18 - 4 5 . T E S T  CASE 
19-18.45, ( 6 7  ASSIGNED9 
19,1@.49.ROLLOUT WAITING ON ALL QUIET 
19.1E.SO.RCLLOUT IN IT IATEO,  
15,18,El.ROLLOUT COMPLETED, 

19.26. C6. RCLL I N I N 1  T I  ATEO. 
19,2E.C8*RCLLIN CCMPCETED, 
1 S . 2 t " l l .  
lSm38a21mREQUFST TAPE4rHYe SAVTP +RIL.JJL.PRCT TE 
14,38.22.ST CASE2 
1Ce38.221 (64 ASSIGNED9 
la, 38-  22. L60. 
lS,38,39.MEMORY 0 5 6 0 0 0  CM 
19e39a03,CT 64 WPE RECOVERED, 
19,39.23.CT 64  WPE RECOVERED, 
19-35-47.1T 6 4  WPE RECOVEREO. 
lS,41.1OeCT b4 kPE RECOVERED. 
14,43,10.MT 64 WPE RECOVERED. 
1qe43,27.?JT 64 WPE RECOVEPEC. 
19,51e49.$TOP 

1 9 - 5 1  . 5 l a U h L O A 0 I T A P E 4 l  
19.52.26,UkLOAD(TAPE7) 
19.52027.,CPU 591,370217 SEC. 

19e22.51- ** 2 1 1 0 5 0  **e 

1'3-5 1 * 50. SPPRI NT I OUTPUT o 5 )  

19,!2,27.PPU lCP3 ,629568  SEC, 
19,5ia27,CATE 06 / 2 6 / 6 9  
2C011eOla  CAP55770 PRlNT-PP 0 1 9 3 2  L I N E S v L P  21  
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LOW NEUTRONS 

EMIN ,090 DU 1 0 0 0 e O O O  RU 50C0.000 I G  1 

ETH 2e5001)E-03 PAAS 7.1040E-02 ALTH 180898E+01  

INCe ENERGY IYTERVAL IS 1500eOOO 20000OCO WHT IS .50 

RANDOM START= .50000 

X Y 2 THETA PHI E IK SOURCE WT GEN 

0. . 0. 
5e5432E+00  - l e 8 6 6 8 E + 0 0  
1 * 2 8 9 6 E + 0 1  - 4 0 4 0 8 4 E + 0 0  
1 * 6 7 7 8 E + 0 1  -5.7288E+00 
1.6778E+01 -5.7288E+00 
1 * 6 7 7 8 E + O l  - 5 * 7 2 8 8 E + 0 0  
1 0 8 7 6 5 E 9 0 1  2 * 6 1 5 2 E + 0 0  
2 e 0 3 1 7 E + 0 1  901340E+00  
1 * 6 7 7 8 E + 0 1  - 5 e 7 2 8 8 E + 0 0  
1 * 6 7 7 8 E + 0 1  - 5 e 7 2 8 8 E + 0 0  
1 * 7 5 5 2 E + 0 1  - 6 e 9 3 3 7 E + 0 0  
2e1283E+01  - 1 * 2 7 4 4 E + C l  
2 * 4 3 4 0 E + 0 1  - 1 e 7 5 0 4 E + 0 1  

1 e 6 7 7 8  E+O 1 - 59 72 8 8 E +00 

4 e 6 1 0 4 E + 0 1  6,7396E901 
4e6104E+01  6 * 7 3 9 6 E + 0 1  
109520E+02  2e2133E+02  
1 e 9 5 2 0 E + 0 1  2e2133E+02  
1 e 9 5 2 0 E + 0 1  2 * 2 1 3 3 E + 0 2  

4.6104E+0: 6 e 7 3 9 6 E 9 0 1  
4.7716E+01 7 e 1 7 8 8 E + 0 1  
4.7716E+01 7.1788E+01 
407716E+Oi  7.1788E+01 
50 0 8 5 5  E901 8 o 03 1 6 E + 0 1  
5 0 0 8 5 5 E + 0 1  8 e 0 3 1 6 E + 0 1  
5 .0855E+01 8 ~ 0 3 1 6 E + 0 1  
5 * 8 6 6 3 E + 0 1  9 * 7 5 1 4 E + 0 1  
5 e 8 6 6 3 E 9 0 1  9 e 7 5 1 4 E + O l  

2.5927E+01 - l e 9 9 7 6 E + O i  

4.6104E+01 6 * 7 3 9 6 E + 0 1  

l 0 9 5 1 8 E + 0 1  Z a 2 i 3 2 E + @ 2  

5.8663E901 9 e 7 5 1 4 E + 0 1  
6 * 7 6 7 5 E + 0 1  l e 0 1 2 ~ E + 0 2  
6.7675E+01 l e 0 1 2 4 E + 0 2  

5.9101E+01 9.5676E+01 

4,0528E+01 - Z e 2 4 5 9 E + 0 1  
4 0 0 5 2 8 E + 0 1  -Ze2459E+0!. 
4 * C 5 2 8 € + 0 1  -2 .2459€+01 

6 * 7 6 7 5 E + 0 1  1 * 0 1 2 4 E + 0 2  

IC 6 7 7 8  E 9 0 1  -5s  7288E+00  

482163E906.  - 2 e 1 7 3 4 E + 0 1  
4 e 9 5 1 2 E + 0 1  - 1 e 8 4 7 8 E + O l  

5 e  0397E+01  - 3 e 1 5 2 6 E + 0 1  
5 * 0 3 9 7 E + 0 1  -3*1526E+OP 

4.0528E+01 -2.2459E+Cl 

5 e 0 3 9 7 E + 0 1  -3.1526E+01 
200760E+02  4.4270E+01 
2e0760E+01  4e437@E+Ol  
2 r 0 7 6 0 E + 0 2  4 5 4 2 7 0 E + 0 1  
2eC541E+02 4e1205E+Ol. 

0. 
1 o 2960E+0 1 
3.0341E+01 
3 .9400€+01 
3 e 9400E+O 1 
3 e 9400E+O 1 
3 * 3 7 1 3 E + 0 1  
2.9270E+01 
3.9400E+01 
3.9400E+01 
4.30 48E+01 
6 06 41 E+O 1 

8.2 5 3 8  E+O 1 
3.9400E+@1 
3.6831E+01 
3 0 6 8 3 1 E + 0 1  
3.6831E+@1 
1 e 55 6OE+O 1 
1 55 60E*01 

7 e 5 0  54E+01 

1 * 5 5 6 0 E + 0 1  
1 e 5559E+0 1 
3 * 6 8 3 1  E+O 1 
3.7990 E + 0 1  
3 * 7 9 9 0 E + 0 1  
3.7990E+O 1 
3e93CSE+01 
3 B 9 3  C9E+0 1 
309309E+01  
3 e 3 4  6 4  E+O 1 

3 e 3464E+0 1 
1 B 9408E+0 1 

3 * 3 4 6 4 E + C l  

l s 9 4 C 8 E + O ?  
le94O8E+O 1 - l a 4 6 7 9 E + 0  1 
3 * 9 4 0 0 E + 0 1  

7 4 1 57E+O 1 
7-41 57E+01 

7 * 4 1 5 7 E + 0 1  
7 e 4 2 C l E + 0 1  
7 * 4 3 9 6 E + 0 1  
7 s4157E+0 1 

8 * 7 2 5 4 E + 0 1  
8 e 7 2  5 4  E+01 
1 c7763E+02  
1 e7763E+02  
1 *7763E+0 2 

8.7254E+01 

1,7448E+02 

2 * 3 8 6 1 E + 0 1  - l e 8 4 0 1 E + 0 1  
2.421 3E+01 -1e8710E+01  
2 B 418  8E+01 -1 e9270E+01  
2.4311E+01 - l e 8 1 4 4 E + 0 1  
2.4311E+01 - l e 8 1 4 4 E + 0 1  
1 e 2 35 4 E+02 7 e 6 6  09 E+O 1 
l e 2 3 5 4 E + 0 2  7.66C9E+01 

3.1877E+01 7,2714E+01 
l e 2 3 5 4 E + 0 2  7e6609E+01  

2 * 1 4 2 9 E + 0 1  - 5 * 7 2 9 4 € + 0 1  
2e1429E+01  -5 .7294€+01 
2e1429E+01  - 5 * 7 2 9 4 E + 0 1  
2e1429E+Ol  -5e7294E901  
2 * 1 4 2 9 E + 3 1  -5a7294E+01  
9 * 1 8 6 7 E + O l  6,8147E+01 
9 . 1 a 6 7 ~ + 0 1  6 , 8 1 4 7 ~ + 0 1  
9 .1867E+Ol  6,8147E+01 

9.7754E+01 9.S798E+Oi 
9e7754E+01  9 * 9 7 9 8 E + 0 1  

9 e 7 7 5 4 E + 0 1  9.9798E+01 
l e 0 8 4 3 E + 0 2  -1.5893E+02 
1 .1354E+Gi  - l o h 3 ? 1 E + 0 2  
7 e 0 0 9 0 f + C l  6.9852E901 
7e6090E+01  6m3852E+01 

8.174 2E+Gl  6e?793E+01  
8e1742E+01  h e 9 7 9 3 E + 0 1  
8 0 1 7 4 2 E + 0 1  6 * 9 7 9 3 E + 0 1  
1 oC719E+W 6e5582E+01  
l r 0 7 1 9 E + 0 2  6 e 5 5 8 2 E + 0 1  

1*4525E+C2 2e2456E+01  

f c 6 0 9 0 E + 0 1  6 * 5 8 5 2 E + 0 1  

l e 0 7 I 9 E + 0 2  6.5582E+01 

i c 4 5 2 5 E + 0 2  2.2456E+01 
1e4525E+02  2.2455E+01 
1*633;E+02 -1 *4?02E+02  
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8e8604E+01  2 * 3 8 9 7 E + 0 1  

4 e 5 6 5 8 E 9 0 1  -4e2576E+01  
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- 3  
- 4  
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- 3  
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- 4  
-1 
-3  
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-1 
- 3  
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-1 
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1 
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1 

1 
1 
1 
1 
1 
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1 
1 
1 
1 
1 
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1 
1 
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1 
1 
1 
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500 
e 500 
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e 5 0 0  

1 0  0 0 0  
1 e 000 
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1 eo00 
1.00@ 
1 * 000 
1.00@ 
1.000 
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1.000 
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1.000 
1.@00 
1 * 000 
1 e OO@ 
1.000 
1.000 
1.000 
l o  000 
1.00@ 
1.000 
1.000 
1.000 
10 000 
1.000 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
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4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 
I; 
5 

- 
3 

END OF RUN9 NO, OF RECORDS I S  4 0 0 7 0 1  
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06/27/69 LRC CM SCOPE 3 e 0  66000-L31K C4/16/69 
100 2 1 e 0 3 0 D A P l 6 0 3 e  

10e21c03. J O B t l  r600p470000 R 0 0 0 0 9 3 1 6 7 1 o 2 9  

10e21o04cRUN(  S 1 
1 0 o 2 1 ~ 1 8 c S E T I N D F ,  
lOe21.19eLINECNT( 10000) 
10a22o09sREQUEST T A P P l l r H Y  D 1 1 4 0 1 8  oKOLv J J L t N U C  DA 
1 0 a 2 2 s 0 9 c T A  (400 MEV DOWN) 
1 0 e 2 2 e 0 9 e  ( 5 5  ASSIGNED) 
lOc22e lOeCOPYBF(  T A P P l l r D I  S I 
1 0 ~ 2 Z e 4 4 e C O P Y B R ( T A P P l l r D l  S 924) 

10e25e01e TAPE 1 0 7 0 2 1 e o e e e  
lOe25c21eREQUEST TAPE39HYe SAVTP ~ R I L ~ J J L I S B  TEST 
10e25a21. CASE2 
10e25r21m (65 ASSXGNED) 
10e26e07oREQUEST TAPE4rHYe ~ ~ ~ O ~ O ~ R O L I J J L , P R O T  TE 
1 0 o 2 6 o 0 7 e S T  C A S E  
1 0 e 2 6 e 0 7 e  ( 6 6  ASSIGNED) 
10- 26.07, LGOa 
lOa26m21eMEHORY 0 3 6 5 0 0  CM 
1 0 e 2 6 e 2 7 e M T  6 5  WPE RECOVEREDo 
1 0 e 3 7 e 4 7 s M T  6 5  WPE RECOVEREDo 
10*37m48eMT 6 5  WPE RECOVERED. 
10o37.50eMT 6 5  WPE RECOVERED. 
1 0 e 3 7 e 5 1 e M T  6 5  WPE RECOVERED. 
1 0 e 3 7 e 5 2 e M T  6 5  WPE RECOVERED. 
10.37e53eMT 6 5  E 0 T 
1 0 e 4 2 c 0 4 e  TAPE 1 0 7 0 2 1  CONT TO 1 1 1 0 1 8 o . 0 . s . 9 * e 0 . . 0 i ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ . ~ * * ~  
10.42033. 
1 0 e 4 4 e 3 4 s E X I T  
1 0 o 4 4 e 3 4 e E O F  ENCOUNTERED B Y  NAMELIST 
1 0 s  44e34eSPPRINTfOUTPUTs5 I 
10.44e35cUNLOAD(TAPE3) 
10 e 4 4 e  36. UNLOAOI TAP E 4 )  
10,440 37aCPU 290e765124 S E C o  
10044,370 PPU 1310- 113792 SECe 

1 1 c O 4 0 2 5 e  9AP1603a PRINT-PP 01300 L I N E S g L P  26 

1 0 ~ 2 1 e 0 3 .  LRC COMPUTER CCHPLEX 

lOe21.03eJe LAMBIOTTE RY 2 0 5 4  

100 23e230COPYBR(TAPP11 *TAPE10 OS) 

10 I) 44.3 7 e D AT E 06/27/69 
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4 PLANES 2 VARIABLES 3 S T A T I S T I C S  

S T A T I S T I C S  REQUESTED FOR NEUTRONS 

STBTI  STPCS REQUESTED FOR P I *  

4 8IPIS/WORD AND 1 4  B I T S / @ I N  

THE P A X I M U M  VALUE FOR ONE B I N  IS 

VARIABLES USING 

THEP E 

NO. LOCATIONS NEEDED PER PLANE IS 140 

4 PLANES USED i N  T H I S  PPSS 

8 1 9 1 0 5  

OPTION 1 WEIGHTING FACTOR 2 
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TbE IUCIDENT EYERGY INTERVAL FOR T H I S  CASE IS 1500aOO 2000*00 

I K =  l C 0 0 0  NO, RECORDS USED= 272993 NO, LOW NEUTRO\(S= 9 0 6 1 3  

THE RO, CF TIMES OVERFLOW NOTED IS 0 
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PLANE LOCATED AT Z= 50.00 

ST'3 T I  STPC N ( T H E F e )  
F6R NEUTRONS 

VARIABLE START DELTA NO. BINS 

THE P GO 00 4 5 , 0 0 0 0  2 
THEP 

717.50 865 .50  

S T A T I S T I C  N ( T H E P v )  
FOR P I +  

V k R  I A B L E  START DELTA NO. B I N S  

THtP C.06 450 0000 2 
THEP 

31,OC 35.00 
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PLANE LOCATED AT Z= 1 O O e O O  

S T A T I S T I C  N f T b E P e )  
FOR NEUTRONS 

V A R I A B L E  START DELTA NO. B I N S  

THEP 0.00 45.00CO 2 
THEP 

7 3 7 ,  C O  713.00 

S T A T I S T I C  R I t T H E P - )  
FOR P I +  

V A R I A B L E  START 

TPEP 0-00 

DELTA NO, B I N S  

45.OOCO 2 
T H E P  

3 5 0 0 0  29.00 
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RESULTS AND DISCUSSION 

he calculations performed by these programs have been compared with other sim- 
s and with experimental data. These comparisons differ in two fundamem- 

ith which comparisons are mad sed the same nuclear 
C, namely, th e generated by rtini; thus the accuracy of 

be comparison with experimental data is an the transport calculation itself is checked. 
overall check on both the transport calculation and the nuclear interaction data. 

The radiation dose in the atmosphere for a rigidity spectrum with rigidity param- 
(where c is speed of light) was calculated by Leimdorfer, eter Po of 100 

and Boughner (ref. 9) and is compared in  figure 5 with the results obtained from 
he absorbed dose (rad) should be used for comparison since the calcula- 

tion of the biological dose (rem) is model dependent. Further comparisons with results 
of Armstrong, Alsmiller, and Barish (ref. 10) for the February 1956 solar proton event 
a re  shown in figure 6. The upper-limit spectrum for this event was different for the two 
calculations. Additional details of the results of these comparisons are given in 

OP 

The resultant dose rates in the upper atmosphere at high latitudes due to galactic 
cosmic rays measured 1 year after solar minimum of cycle 20 are compared with the 
calculations of 
tions had to be made for the interaction of the heavy primary particles. Also, the incident 
spectra are not precisely known (especially for energies less than a few hundred Me 
greater than a few eV). A detailed discussion of the dose rates and assumptions is given 

3C in figure 7. n order to accomplish this calculation, assump- 

Although P 3C has been and can be used to obtain useful results, it does have 
some restrictions which should be restated. Several geometric restrictions of the code 
may be overcome with modifications. irst, the geome subroutine STAT 
either a circular or square cross section for the slab. 
subroutine package could be inserted in its place. Second, the code is written for a single 
homogeneous slab of material as a shield. o include calculations for multilayer com- 
posite slabs, it would be necessary to transport all the particles through the first slab 
and then to use the output biography tape as a source tape on the next slab. This proce- 
dure can be accomplished with minor programing changes. 

ore  complicated geometry 

At the time of this publication, the data available for the high-energy portion of the 
code (program TW 
and aluminum do not include the pion interaction cross sections. It is planned to update 
the data library whenever possible. ven though the code does not depend upon the con- 
tent of the cross-section data, it is highly dependent upon the form in which the data have 

are not substantial. The data which are available for oxygen 



been tabulated. This dependence complicates the introdu~tion of data from sources other 
than those referred to herein. 

Finally, several features of the code make it machine dependent ( 
computer systems). Nearly all these features we the result of attempts either to reduce 
core storage requirements or  to reduce the number of output biography tapes, To reduce 
core storage requirements, the FACT array is packed six values to a word for T 
and four values to a word for he packing scheme is highly dependent upon the 

er. STAT also contains word packing with the 
same dependence. on the biography tape a re  first packed two val- 
ues to a word by a C 

C series 6000 

S subroutine and then written on tape by means of a 
achine dependent. Subroutines N 

ns to read the data. 

The 3C transport code has been successfully used to evaluate the differ- 
entia1 spectrum of secondary particles emerging from a large number of materials when 
these materials are bombarded by energetic nucleons of an arbitrary source configuration 
The differential spectra after multiplication with appropriate quality factors are inte- 
grated to give the radiation dose deposited at any given point in space. 

he programs in 3C are flexible enough to permit many types of radiation 
transport calculations with little or  no modifications by the users. The programs have 
some limitations, among which are th 
the lack of a detailed pion transport. 
much difficultyy. 

implified geometry of the transport medium and 
weves, both limitations can be removed without 

ecause of the block structure of the program, one can introduce any degree of 
geometric complexity by changing subroutine S 

The mechanism for pion transport is included in the program but the program does 
nok simulate the transport of pions because the pion-nucleus cross sections are not 
tabulated. 

National Aeronautics and Space Administration, 
a., January 29, 1971. 
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TABLE I.- ELEMENTS AND MIXTURES ON MASTER DATA TAPE 

C 
H 
0 

c5H8% 

I 

?rograrr 
90. atoms per 
cm3 x 10-24 

itornic Atomic number, Z 
weight for INTPOL Element or  mixture Symbol 

Aluminum 

DensiQ 

PWOGET 

Carbon 

Aluminum 
Chromium 
Copper 
Ruthenium 
Cerium 
Tungsten 
Lead 
Uranium 
Tissue* 

-Ygen 
12 
16 
27 
50 
63 
96 
136 
180 
204 
238 

6 
8 
13 
24 
29 
44 
58 
74 
82 
92 

C 
0 
AL 
CR 
cu 
RU 
CE 
W 
PB 
U 
c27H2 loN 

?ROTOS 

Aluminum I AL 27 
12 
28 
63 

i 
13 
6 
14 
29 
82 

Carbon 
Silicon 
Copper 
Lead 
Iron 

C 
SI 
cu 
PB 
FE 

Hydrogen 

Carbon 
Hydrogen 

0.067 
.0335 

0.04087 
.08174 

0.03936 
.07873 

#der 

Polyethylene X 

Polyethylene I] 

1.0 

0.950 

0,915 
Carbon 
Hydrogen 

iUPER I 0.02083 
.06683 
.006076 
,06074 

0.04769 
.03710 
.00177 
.OO 176 

0,03581 
.05730 
"01433 

Nylon 

JCissue" 

Lucite 

1.1399 

1.0999 

1.1892 

C 
H 
0 
N 

C2 7H2 loN 

t hir f: 0.0344 
.007527 1.0 

"Tissue is already in  a form acceptable by PROTOS so  that IMTPOLB will not be necessary. 
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Figcare 4.- Typical particle path through a subslab. 
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